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INTRODUCTION. 


By  JosKPii  A.  Holmes. 

The  records  here  reported  are  based  on  25,000  tests,  extending  o^  er 
more  than  one  year  of  active  field  and  laboratory  work.  The  report 
may  be  divided  into  two  parts — ^the  first  dealing  with  tensile,  com- 
pressive, and  other  tests,  including  chemical  analyses  of  Portland 
cement  of  different  brands  donated- for  the  purpose,  and  of  the  mor- 
tars mixed  therewith  in  which  a  standard  sand  was  used ;  the  second 
dealing  with  tests  of  mortars  prepared  by  mixing  typical  Portland 
cement  with  22  sands,  12  gravel  screenings,  and  25  stone  screenings, 
procured  from  different  parts  of  the  United  States  and  mixed  in 
different  pro[M)rtions. 

In  order  that  tests  extending  over  a  period  of  years  might  be  made 
with  a  relatively  uniform  cement,  a  quantity  of  Portland  cement  of 
seven  different  brands  was  obtained  by  donation.  An  equal  amount 
of  each  of  these  brands  was  mixed  together  to  form  a  typical  Port- 
land cement,  and  the  mixture  was  stored  away  in  air-tight  cans 
(p.  10).  Tests  made  to  determine  the  quality  and  variation  of  the 
typical  Portland  cement  were  conducted  in  great  detail  both  on  the 
neat  individual  brands  and  the  typical  mix,  and  on  1 : 3  cement  mor- 
tars made  therefrom  with  standard  sand. 

The  results  of  the  tests  showing  variation  in  tensile  strength  with 
age  of  neat  cement  indicate  clearly  that  the  typical  mix  reached 
maximum  tensile  strength  in  90  days,  or  at  the  same  period  at  which 
this  strength  was  reached  by  the  separate  brands ;  that  it  maintained 
the  highest  tensile  strength  for  a  period  as  long  as  that  of  the  best 
of  the  individual  brands,  viz,  to  180  daye,  and  that  the  diminution 
in  tensile  strength  thereafter  to  one  year  and  beyond  was  less  than 
for  some  brands  and  no  greater  than  for  the  best  (p.  23). 

The  tests  of  the  standard-sand  mortars  showed  maximum  tensile 
strength  of  the  mix  at  90  days,  or  about  the  same  as  for  the  individual 
brands;  more  rapid  falling  off  in  tensile  strength  for  the  mix  up  to 
180  days  than  for  the  individual  brands;  but  an  actual  gain  in 
strength  beyond  180  days  for  the  mix,  as  compared  with  a  falling 
off  for  the  separate  brands  (p.  24). 
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In  the  compressive  tests  the  typical  mix  showed  a  rapid  rise  in 
strength,  as  did  the  individual  brands,  up  to  90  days,  and  a  less  rapid 
but  continual  increase  in  compressive  strength  to  the  360-day  period 
for  the  mix  as  compared  with  some  of  the  brands,  four  of  which 
showed  little  or  no  gain  in  compressive  strength  after  180  days 
(p.  26). 

Compressive  tests  of  the  1 : 3  standard-sand  mortars  showed  a  more 
rapid  gain  up  to  180  days  for  the  typical  mix  than  for  the  separate 
cement  brands,  and  continued  increase  in  compressive  strength  beyond 
180  days  for  the  mix,  as  against  a  less  ratio  of  increase  for  several  of 
the  individual  brands  tested. 

The  general  indications  of  these  tests  arc  that  a  cement  exhibiting 
greater  uniformity  of  behavior  is  likely  to  be  procured  by  making 
a  typical  mix  of  several  brands  than  by  the  use  of  any  one  standard 
brand  of  cement. 

It  should  be  borne  in  mind,  however,  that  this  statement  is  ap- 
plicable only  to  the  typical  mixes  used  in  these  tests,  and  that  it  is 
possible  that  other  mixtures  of  Portland  cements  might  not  yield 
the  same  results,  but  would  show  entirely  different  characteristics. 
Results  of  further  investigations  along  these  lines  will  be  reported  as 
soon  as  they  become  available. 

A  study  of  the-  percentage  of  gain  in  strength  exhibited  by  the 
various  cements  and  cement  mortars  tested  shows  the  very  important 
fact  that  though  the  cements  may  test  low  or  high  at  7  days,  and 
though  there  may  be  varying  percentages  of  increase  during  the  four 
periods  from  7  days  to  one  year,  yet  after  the  180-day  and  the  360- 
day  tests  the  strengths  of  all  the  standard-sand  mortars  were  reason- 
ably close  one  to  another.  This  indicates  that  early  strengths  may 
vary  considerably  without  seriously  affecting  the  later  strength  of  the 
cement  or  mortar  (p.  33). 

The  purpose  of  the  investigations  of  the  constituent  materials  of 
mortar  was  to .  ascertain  as  far  as  possible  the  properties  of  such 
materials  collected  in  different  parts  of  the  United  States.  It  is 
believed  that  the  results  of  these  tests  made  on  material  obtained  near 
the  large  commercial  centers  of  the  country  will  indicate  clearly  to 
users  of  cement  and  of  concrete  where  they  may  most  conveniently 
and  cheaply  procure  the  requisite  sand,  gravel,  etc.,  and  how  these 
should  be  mixed  to  attain  the  best  result  in  tensile  or  compressive 
strength  for  each  group  of  constituent  materials. 

A  study  of  the  data  in  this  part  of  the  report  should  afford  means 
of  determining  the  probable  strength  of  mortar  made  from  materials 
having  similar  properties,  though  gathered  in  different  parts  of  the 
country,  and  should  aid  the  constructor  to  decide  which  of  the  three 
materials — sand,  gravel,  or  broken  stone  screenings — will  best  serve 
his  purpose. 
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The  tests  whose  results  are  here  presented  were  made  on  mortars 
using  different  proportions  of  the  typical  Portland  cement  and 
sands,  gravel  screenings,  and  stone  screenings  collected  in  various 
parts  of  the  country,  the  properties  of  which  are  discussed  in  the 
earlier  part  of  the  bulletin.  The  report  describes  the  material,  the 
locality  of  its  occurrence,  and  the  methods  of  screening,  grading,  etc., 
employed.  The  relative  proportion  of  larger  or  smaller  particles 
in  the  materials  tested  is  not  only  described  in  detail  and  diagram- 
matically,  but  is  well  illustrated  by  reproductions  of  photographs 
made  to  exact  scale. 

Considering  these  tests  in  respect  to  the  percentage  of  voids,  it 
appears  that  the  tensile  strength  decreases  with  the  increase  of  void 
spaces.  The  strength  of  the  mortars  is  invariably  much  greater  when 
made  from  sands  having  a  small  percentage  of  voids  than  when 
made  from  sands  having  a  large  percentage.  The  strength  of  mor- 
tars of  different  proportions  is  also  greater  for  those  sands  which 
have  a  small  percentage  of  voids.  This  condition  is  the  same  in 
regard  to  both  tensile  strength  and  compressive  strength,  and  indi- 
cates that  the  greatest  strength  can  be  obtained  by  the  use  of  mortar 
in  which  the  sand  is  uniformly  graded.  The  same  is  true  of  tests 
of  transverse  strength,  except  that  the  difference  is  not  so  marked 
as  in  the  tensile  and  compressive  tests  (p.  57). 

The  tests  show  a  greater  uniformity  in  general  when  made  at  the 
end  of  180  days  than  when  made  for  shorter  periods.  The  early 
strength  appears  to  be  easily  affected  by  alteration  in  environment, 
and  the  regularity  in  strength  for  the  earlier  periods  appears  to 
depend  on  the  nature  of  the  cement. 

In  tests  of  density  of  mortar,  it  appears  that  the  density  values 
are  greatest  for  the  least  percentage  of  voids,  and  that  the  weight 
per  cubic  foot  and  the  strength  are  greatest  under  the  same  condi- 
tions (p.  58). 

In  the  tests  of  mortars  made  with  gravel  screenings  only  that 
material  which  passed  a  J-inch  screen  was  used,  and  this  amounted 
as  a  rule  to  less  than  40  per  cent  of  the  sample  received  at  the  labo- 
ratory. As  in  the  description  of  tests  of  fnortars  made  with  sand, 
complete  details  are  given  of  the  diameter  of  the  particles  in  inches, 
with  numbers  of  sieves  passed;  of  the  place  in  which  samples  were 
taken;  and  of  physical  and  chemical  tests.  In  these  tCvSts  there  is 
apparently  a  greater  lack  of  uniformity  in  the  increase  of  strength, 
probably  owing  to  physical  differences  in  the  gravel  screenings.  In 
general  the  tensile  strength  seems  to  increase  with  the  decrease  in 
percentage  of  voids  (p.  88).  This  is  also  true  of  the  compressive 
strength.  There  was  great  irregularity  in  the  results  of  the  tests 
on  account  of  the  difficulty  in  obtaining  a  thoroughly  uniform  mass, 
especially  when  the  material  was  composed  of  coarse  grains  of  ap- 
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proximately  one  size.  In  this  case  it  invariably  happened  tliat  the 
ct^ment  and  gravel  aiTeenings  occurred  in  many  of  the  tehi  pieces  in 
fttreaks,  the  cement  accumulating  on  one  side  of  the  neck  of  the  t^^t 
briquet,  thus  riidiieiiig  the  active  section  and  possibly  fnrnishing  one 
element  of  wcaknass  (p,  88). 

The  tests  of  stone  screenings  collected  in  different  parts  of  the  conn- 
try  were  made  in  the  same  manner  as  those  described  for  sand  and 
gi'avel  .screenings.  Samples  were  also  collected  as  described  for  tlie 
other  tests.  The  rasults  of  these  t-ests  showed  that  in  general  the  mor- 
tals made  from  sei^enings  that  are  most  neady  uniform  in  gi^ading 
have  greater  strength  than  tlioso  made  from  the  finer  screenings, 
farthest  removed  from  uniform  grading.  iVlso  the  strength  of  mor- 
tars jnade  fi'oni  the  samples  having  a  lower  proportion  of  voids  is 
greater  than  that  of  nu>rtars  made  from  screenings  in  wliich  the  voids 
are  greater.  This  appears  to  V>e  trne  also  of  the  compressive  tests,  in 
w  hich  the  sti'ength  of  tlie  mortar  is  greater  for  samples  most  uniform 
in  grade.  As  shown  by  these  tests  the  transversa*  strength  does  not 
vary  mnch  after  ninetj'  days  (p,  108).  The  tests  indicate  that  no  defi- 
nite law  can  be  given  by  means  of  which  the  strengtli  of  mortal^  made 
from  stone  screenings  can  l)e  appi^oximately  foretold  from  the  me- 
chanical conditions,  because  the  strength  of  the  stone  itself  from 
which  the  screenings  are  derived  has  an  important  bearing  on  the 
s?trength  of  the  resulting  mortar.  The  same  tendency'  was  observed  in 
the  stone-screenings  mortars  as  in  the  gravel-screenings  mortars  for 
the  cement  to  eon  cent  rate  at  one  or  more  parts  of  the  test-briquet  sec- 
tions. 

This  report  is  the  third  of  a  series  now  fn  process  of  publication  by 
the  technologic  branch  of  the  Geological  Survey.  It  is  preliminary  to 
a  gi'oup  of  i"ej>orts  which  descriljc  in  detail  the  results  of  tests  of  vari- 
ous struct urul  forms  made  of  concrete  and  i*een forced  conci^ete  at  the 
structural-materinls  testing  laboratories  of  the  Survey  at  St*  IjOUIs. 
The  first  volume  of  this  series  Ls  Bulletin  No.  324,  a  report  on  the  ef- 
fects of  the  San  Francisco  earthquake  and  fire  on  structures  and 
structural  materials.  Bulletin  No.  329,  the  second  of  this  series,  de- 
tribes  in  detail  the  organization,  equipment,  and  methods  of  test 
adopted  at  these  lafmratories.  The  [)resent  bulletin,  as  summarized 
above,  descrilies  the  investigations  leading  to  the  adoption  of  a  typ- 
ical Portland  cement  for  testing  purposes  and  the  tests  of  mortars 
made  by  mixing  sand  and  its  substitutes — gravel  and  broken  stone 
screenings — witli  such  typical  clement,  as  an  experimental  study  in  the 
progress  of  the  survey  of  the  constituent  materiiils  of  cement  mortars 
and  concrete  in  the  United  States, 

A  succeeding  bulletin  will  describe  tests  of  the  solid  stone  from  the 
same  quarries  as  lliose  from  which  were  obtained  tlie  stone  s<'reenings 
on  whicli  the  tests  described  in  this  volume  were  made.    These  iv- 
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suits  may  afford  some  basis  for  comparison  of  the  relative  values  of 
mortars  -made  -  from  the  stone  screenings  described  herein.  Other 
reports  will  deal  with  the  results  of  tests  of  the  constituent  materials 
of  concrete  as  distinguished  from  those  of  mortars,  and  with  the  re- 
sults of  additional  tests  of  the  constituent  materials  of  mortars. 
These  papers  will  be  followed  by  a  preliminary  report  of  the  results 
of  tests  of  plain  concrete  beams  and  of  cement-mortar  building  blocks. 
The  same  constituent  materials  have  also  been  assembled  in  the  form 
of  reenforced  concrete  beams,  reenforced  concrete  slabs,  and  plain  and 
reenforced  concrete  columns,  many  tests  on  which  have  already  been 
completed,  and  the  results  are  now  in  preparation  for  publication. 
Other  reports  in  this  series  will  include  results  of  investigations  of 
shear  and  the  modulus  of  elasticity  in  tension  and  compression. 

Parallel  with  this  series  of  reports  of  the  results  of  tests  beings 
made  at  the  St.  Louis  laboratories  there  is  to  be  published  a  report 
on  the  results  of  a  series  of  tests  made  in  the  testing  laboratories 
of  various  technological  institutions.  These  tests  were  made  in 
cooperation  with  the  structural-materials  laboratories  of  the  United 
States  Geological  Survey  and  the  joint  committee  on  concrete  and 
reenforced  concrete  of  the  engineering  societies. 

In  the  supervision  of  the  tests  herein  described  and  in  the  prepara- 
tion of  the  report  Mr.  Richard  L.  Humphrey,  engineer  in  charge^ 
has  had  the  constant  active  assistance  of  Mr.  William  Jordan,  jr.^ 
assistant  engineer. 


PORTLAND  CEMENT  MORTARS  AND  THEIR  CONSTITUENT 
MATERIALS:  RESULTS  OF  TESTS,  1905-1907. 


By  Richard  L.  Humphrey  and  Wh.liam  Jordan,  Jr. 


GENERAL  STATEMENT. 
NATURE  AND  EXTENT  OF  THE  INVESTIGATIONS. 

Scope  of  the  work, — A  report  on  the  results  of  the  series  of  approx- 
imately 35,000  tests  made  at  the  structural-materials  testing  labora- 
tories, Forest  Park,  St.  Louis,  Mo.,  of  a  number  of  sands.,  gravel  and 
stone  screenings,  gravels,  and  crushed  stone  customarily  used  in  ce- 
ment mortars  and  concretes  will  be  contained  in  two  bulletins,  the 
present  volume  dealing  with  investigations  of  these  materials  as  con- 
stituents of  mortar,  and  a  later  one  as  constituents  of  concrete. 

These  materials  were  collected  in  many  different  parts  of  the 
United  States  and  were  shipped  to  the  laboratories  in  double  sacks 
in  order  to  avoid  losing  any  fine  material.  At  the  time  the  sam- 
ples were  collected  a  report  was  made  on  the  nature  of  the  supply, 
the  location,  the  approximate  extent  of  the  deposit,  the  manner  of 
handling,  and  the  market  supplied. 

The  equipment  and  methods  used  in  making  these  tests  are  fully 
described  in  Bulletin  No.  329.  The  present  bulletin  contains  the  re- 
sults of  approximately  25,000  tests  of  22  sands,  12  gravel  screenings, 
and  25  stone  screenings  in  the  form  of  mortar,  using  different  pro- 
portions of  typical  Portland  cement  (a  mixture  of  seven  different 
brands). 

The  purpose  of  the  investigations  of  the  constituent  materials  of 
mortar  is  to  ascertain  as  far  as  possible  the  properties  of  the  materi- 
als collected  in  different  parts  of  the  country,  and  to  establish  the 
relation  existing  between  the  unaltered  materials  and  the  mortars  in 
which  they  are  used. 

It  is  hoped  that  these  tabulated  data  will  afford  a  means  for  deter- 
mining the  probable  strength  of  mortar  made  from  materials  having 
similar  properties,  and  thus  eliminate  the  delay  in  practical  work 
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Irx/ii^Lt  :<'  T!*-^;.r-^  ::>r  j^L^trr:^!-  TrL>:tx  *r^  lo  be  o^cd.    It  will  also 
Aifori  jl  ii«e*i^  of  fxj&i^zi-fjL.  of  loat^Tiak  ^»h1  m  diffemt  puts  of 

Rr^i^'T'^r  f^vK-r-rr*. — Ea-:i::  "-^sLj/dt  of  malarial  recNTcd  at  the  labo- 
miori-ei^  wa.*  gfTfc  a  regri-^^r  i.-^riib-s-r-  a  rwoni  of  which  was  made  and 
n:*»i  :i.  a  -caro  Ilo^x-  T"m-  n=^^«rr  Lrimfcier.  by  which  the  sample 
wa-  knowEu  war  *<?  cLosei-  iLat  :i  ir.*i:*:ated  the  namre  of  the  materiaL 
¥f*r  rJLaiL.pk'.  th.^  inaienil  wa-  r*'pr*-rf-L.t«^i  bv  the  first  and  last  let- 
ter- of  :t5  name,  ihu- :  "*  Ct-~  rtanA-?  for  cement.  -  Sd."  f<M-  sand«  "  GL^ 
fur  2TaTel.  ""  Cr.~  f'T  c:c«ier.  "*  >g.""  f«»r  -la^-  ""  ^e.""  for  stone.  The 
first  sample  of  'jeiijient  wa-  .-alleii  ""  Ct.  1,""  the  next  -  Ct.  2,*"  etc 
VXTien  a  numt^er  of  brands  «>f  •.^meni  were  mixed,  the  mlxtiire  was 
sri^ei:  a  number,  aiid  each  simple  taken  frr»m  that  mixture  was  given 
a  subnimiher:  thu>  the  >eoorid' mix  yd  ii^meiii  was  called  •*Ct.  133," 
and  the  first  sample  from  that  mix  was  oalle<J  ~  Ct.  ISS-l,**  the  sec- 
ond •-  Ct.  i:>:^L'.**  etc. 

O'  tUfkfT  kt  fr.^r.*. — The  Portland  cement  used  in  these  investigations 
was  testevl  for  its  ph\~sioal  properties,  including  its  tensile  and  com- 
pressive strength  neat  for  1.  7.  2S.  Vh>.  1h\  and  3i>0  days:  and  with 
thre^^  j>arts  of  standarxi  i>ttawa  sand  for  7. 2S.  W.  ISO.  and  3t»0  days. 

Portions  i\f  the  samis^  gravel  scrwniugs.  and  stone  screenings,  all  of 
whioh  jviS5^\l  a  i-inch  ><'nviu  were  >ifteil  thnnigh  Xos.  10,  20.  30,  40, 
»h\  m\  UV\  atuJ  l\V  >;Ovt*^:  ihov  >yoi\^  niixiHl  with  typical  Portland 
wmont  in  pr\*jH*ri:vn.>  v^t  I : -^  and  1:4,  and  test  oil  for  tensile,  com- 
pivssivo.  aiul  traiisvers^^  >mMigth  at  7,  2S,  W,  180,  and  300  days. 

h;  avivunon.  \v!ioi;  ihert*  was  sutKoiont  material  of  approximately 
otio  virw  say  Iviwtvr.  Nw^,  iH>  aiul  30  sieves  or  l>etween  Nos.  30  and  40 
^io\^\x^  losis  of  -itriMigtli  for  ihe  same  jK^rimls  were  made  on  what  is 
designatisl  in  thi>  bullelin  •*  1:3  one-size"  mortar. 

TFSTS  OF  STRENGTH. 

y<fi^t\i(fe. — The  tost  pitHvs  weiv  storeil  in  a  moist  closet  for  24  hours 
prior  to  ivmoval  frt>m  the  molds,  and  were  then  immersed  in  running 
>vatei\  maintaimHt  at  apprt>ximately  70^  F„  until  tested. 

/Vm^nV**/*,— The  briquets  for  the  test.<  of  tensile  strength  are  of 
staudaix)  fornu  appn^ximaiely  1  scpiare  inch  in  section. 

*rhe  KairUinks  ^vment-testing  machine,  which  is  used  in  testing 
(hiv^>  hriquots,  has  clips  wiih  rt^ar  horizontal  straps  for  adjusting  and 
is  pn>vided  with  ndlor  In^arings,  I^ss  than  1  per  cent  of  all  briquets 
ttvsted  at  the  lalH>ratorit>s  liave  bn>ken  in  the  clips — the  great  majority 
of  the  ti\^t  pitHXvs  bnmking  fairly  in  the  wnter. 

f  \»m/»ry\\W«>w,  -The  test  pitws  for  tests  of  cxmipressive  strength  are 
I?- inch  ouUvs  ami  an*  tc^linl  generally  in  a  40,000-pound  hydraulic 
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hand-operated  machine;  the  other  cubes,  especially  of  neat  cement, 
were  tested  in  a  200,000-pound  motor-driven  screw  machine. 

The  values  given  in  the  tables  of  the  tests  of  compression  are  in 
pounds  per  square  inch,  and  were  found  by  dividing  the  total  load  on 
a  test  piece  by  its  area,  taken  at  4  square  inches. 

Transverse, — Transverse  test  pieces  are  1  inch  square  in  cross  sec- 
tion and  13  inches  long,  and  were  tested  on  a  span  of  12  inches.  The 
surfaces  in  contact  with  the  vertical  sides  of  the  mold  were  placed 
in  a  horizontal  position  in  the  testing  machine,  in  order  to  insure  a 
uniform  depth  of  1  inch. 

Only  the  breaking  load  applied  at  the  center  of  the  span  was  re- 
corded.   The  values  given  in  the  tables  are  the  moduli  of  rupture  in 

Mc 
pounds  per  square  inch,  determined  from  the  formula  s=-j-- 

In  the  present  case  M  =  3  W  (inch-pounds),  c=i  inch  and  I=tV5 
therefore 

That  is,  the  value  given  in  the  table  is  in  every  case  just  18  times  the 
breaking  load. 

Results  of  tests. — The  results  of  tests  are  given  in  tables  and  shown 
graphically  wherever  possible. 

TESTS  OF  CEMENT. 
INDIVIDUAL   BRANDS   AND    TYPICAL   PORTLAND   CEMENT. 

Acknowledgment  of  donations, — The  cement  used  in  these  investi- 
gations was  generously  donated  by  the  following  companies : 

Alpha  Portland  Cement  Company,  Alpha,  N.  J. 
Atlas  Portland  Cement  Company,  Hannibal,  Mo. 
Bonneville  Portland   Cement  Company,   Siegfried,  Pa. 
lola  Portland  Cement  Company,  lola,  Kans. 
Lehigh  Portland  Cement  Company,  Mitchell,  Ind. 
Sandusky  Portland  Cement  Company,  Sandusky,  Ohio. 
Vulcanite  Portland  Cement  Company,  Vulcanite,  N.  J. 

Method  of  tests, — The  seven  brands  of  cement  were  first  tested 
separately,  and  afterwards  thoroughly  intermixed  and  the  mixtures 
carefully  tested.  This  procedure  was  followed  in  order  to  determine 
the  relation  between  the  properties  of  the  individual  brands  and  the 
properties  of  the  mixtures  made  from  them.  It  was  found  that  the 
difference  was  so  slight  that  in  subsequent  investigations  the  different 
brands  of  cement  were  thoroughly  mixed  as  soon  as  received,  and  the 
mixture  is  called  "  typical  Portland  cement." 
19715— Bull.  331—08 2 
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Selection  of  samples. — The  complete  series  of  determinations  of  the 
physical  proi>erties  of  each  brand  necessitated  a  sample  of  70  pounds 
from  each  barrel,  and  in  order  to  get  a  representative  sample  the 
barrelfiil  was  spread  on  a  concrete  floor  in  a  uniform  layer  over  a 
space  of  about  8  square  feet  This  was  marked  off  into  25  squares, 
and  a  portion  from  each  square  was  taken  in  such  amount  as  to  give 
a  70-pound  sample.  Each  of  the  70-pound  samples  was  spread  over 
an  8-foot  square  and  diWded  into  25  squares  in  the  same  manner  as 
the  larger  samples,  and  a  portion  sufficient  to  give  a  2-pound  sample 
was  taken  from  each  of  the  smaller  squares.  This  sample,  which  was 
given  the  sample  register  number,  was  placed  in  a  glass  jar  and 
reserved  for  chemical  analysis.  This  procedure  gave  a  68-pound 
sample  for  the  physical  test  and  a  2-pound  sample  for  chemical 
analysis  from  each  barrel. 

Mixihi/  of  typical  Portland  ixment. — The  next  step  was  to  take  1 
barrel  (less  the  70  pounds  extracted)  fn>m  each  of  the  seven  brands 
and  thonmghly  mix  them  together  in  a  cubical  mixer.  This  mixture 
was  dumped  on  a  concrete  floor  and  spread  in  a  layer  of  even  thick- 
ness over  about  8  square  feet  and  was  divided  into  25  squares,  from 
each  of  which  sufficient  cement  was  taken  to  make  a  70-pound  sample. 
The  70-pound  sample  fn>m  each  mixture  was  given  a  register  number 
and  was  useil  in  the  tests  to  represent  the  mixture  from  which  it  was 
taken.  This  operation  was  repeateil  ten  times,  since  there  were  10 
barrels  of  each  brand. 

After  the  70-j)ound  sample  had  been  taken  fn>ni  each  mixture  the 
balance  was  storeil  in  hermetically  sealed  galvauizeil-iron  cans,  each 
of  about  800  pounds  capacity.  In  subsequent  tests  made  with  this 
mixed  cement  the  70-pound  sample  in  each  case  is  referred  to  as  the 
"  mix,"  while  the  mixture  itself  is  calleil  **  typical  Portland  cement.'' 

Chtmicai  atMlf/sts. — The  2-pound  sample  taken  from  each  barrel 
and  from  each  mix  of  7  l>arrels  was  very  carefully  analyzed  for 
silica,  alumina,  ferric  oxide,  lime,  magnesia,  and  sulphuric  anhy- 
dride. In  these  analyses  the  methinls  reiH>nunendeil  by  the  (H>mniittee 
on  uniformity  in  the  tei^hnical  analysis  of  materials  for  the  Portland 
cement  industry  of  the  New  York  s^vtion  of  the  Sixnety  for  Chemical 
Industry  were  used,  with  the  followin^r  exc*t^pt ions :  The  silica  was 
not  piurifieil  with  HFl  and  H.»80^:  the  piwipiiateii  in>u  and  alumi- 
num hydrates  were  dissi>hvii  in  dilute  UNO,  instead  of  dilute  HCl; 
the  igniteil  CaO  was  dist^^lvtnl  in  ililute  HCl  U^foiv  piwipitation; 
the  magnesiimi  was  prwipitattnl  fn>m  a  UNO.  st>lution  the  second 
time:  lastly,  the  8iO.  was  not  detenuineii  in  the  igniteil  (FeAD.Oj. 

The  residts  of  the  ohemical  an«lys%\>i  luv  iriven  in  lable  I.  The 
seven  different  brands  atv  desiijnatiHl  A.  H,  C,  D,  E,  F,  and  G,  and 
at  the  closse  the  10  mixes  atv  indioatiHl. 
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The  register  number  given  each  sample  is  the  same  as  that  used  in 
later  tables  giving  the  results  of  the  physical  tests,  so  that  the  chemi- 
cal analysis  of  any  particular  sample  can  be  compared  with  the 
physical  properties  of  the  cement  from  which  the  sample  for  chemical 
analysis  was  taken.  But  9  samples  of  each  of  brands  F  and  G  were 
used,  making  a  total  of  68  samples  of  the  individual  brands  and  10 
samples  of  typical  Portland  cement  analyzed  and  recorded  in  the 
table. 

The  average  values  for  each  brand  are  given  at  the  bottom  of  its 
group,  and  the  average  value  for  the  seven  brands  is  given  near  the 
end  of  the  table.  For  purposes  of  comparison,  the  average  values  for 
the  10  samples  of  typical  Portland  cement  are  also  given  in  the  last 
line.  The  small  difference  between  the  averages  of  the  68  samples, 
designated  "Average  A-G,"  and  the  averages  of  the  10  samples  of 
typical  Portland  cement  indicates  that  the  typical  Portland  cements 
are  representative  of  the  individual  brands. 

PHYSICAL  DETERMINATIONS. 

Method. — A  portion  of  the  68-pound  sample  taken  from  each  of 
68  barrels  and  from  each  of  the  10  mixtures  was  subjected  to  the 
usual  physical  tests,  consisting  of  determinations  of  specific  gi-avity, 
temi)eratures  of  water  and  air,  per  cent  of  water  for  normal  con- 
sistency, time  of  initial  and  final  setting,  finen4|fc,  ccmstancy  of  volume 
(soundness),  and  the  tensile  and  compressive  strengths.  The  phys- 
ical determinations  wtMe  made  at  about  the  time  of  inixing  the 
cements  and  before  they  were  stored,  and  are  given  in  Table  II. 
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22  TESTS    OF    MATERIALS    OF    CEMENT    MORTARS. 

Specific  gravity, — The  specific  gravity  was  determined  after  heat- 
ing a  small  quantity  of  cement  to  212°  F.  for  5  hours.  In  subse- 
quent work  the  samples  will  also  be  ignited.  Values  of  specific 
gravity  in  the  table  vary  from  3.100  to  3.195.  The  variation  for  any 
individual  brand  is  much  smaller  than  the  total  variation.  The  aver- 
age of  all  seven  brands  is  3.120,  while  the  average  of  the  10  mixes 
is  3.122. 

Time  of  setting. — In  the  investigations  of  the  time  of  setting,  the 
temperature  of  the  water  and  of  the  air  at  the  time  of  molding,  the 
percentage  of  water  which  was  necessary  to  bring  the  cement  to 
normal  consistency,  and  the  time  of  both  the  initial  and  final  setting, 
as  determined  by  both  the  Vicat  and  Gilmore  apparatus,  were  deter- 
mined and  recorded. 

The  time  elapsing  before  both  initial  and  final  set  as  determined 
by  the  Gilmore  needle  is  in  almost  every  case  greater  than  that  de- 
terihined  by  the  Vicat  needle. 

Fineness. — Of  the  68  samples  of  the  seven  individual  brands  only 
a  few  reached  as  high  as  25  per  cent  residue  on  the  No.  200  sieve. 
Five  brands,  namely.  A,  C,  D,  E,  and  G,  were  found  to  be  of  ap- 
proximately equal  fineness. 

Constancy  of  volume. — In  order  to  determine  the  constancy  of  vol- 
ume by  the  appearance  of  the  pat,  two  normal  and  two  accelerated 
tests  were  made  of  each  sample.  The  normal  tests  consisted  of  the 
maintenance  of  pats  in  air  and  in  water  for  28  days  at  a  temperature 
as  nearly  70°  F.  as  practicable.  The  accelerated  tests  consisted  in 
keeping  one  pat  exposed  in  an  atmosphere  of  steam  and  another  im- 
mersed in  boiling  water  for  5  hours. 

In  all  the  accelerated  tests  and  nearly  all  the  normal  tests  the 
pats  remained  unaltered,  the  exceptions  being  noted  in  each  case 
under  "  Soundness  "  (column  13,  p.  13)  in  the  table.  Where  the  pats 
have  passed  all  the  forms  of  tests  it  is  indicated  by  the  phrase  "  Per- 
fectly sound."  Where  the  pats  failed  to  pass  the  tests  without  change 
it  is  indicated  by  '*  Pat  —  warped  —  inch,"  the  letter  "A"  being  used 
for  the  28-day  normal  air  tests  and  "  B  "  for  the  28-day  normal 
water  tests. 

Tensile  strength. — Tensile  and  compressive  tests  were  made  of 
sanij)levs  taken  from  each  barrel,  also  from  each  of  the  10  mixtures. 
These  tests  for  both  the  neat  cement  and  1 : 3  standard -sand  mortars 
(using  Ottawa  sand  screened  to  20-30  size)  were  made  in  sets  of 
three  at  ages  of  7,  28,  90,  180,  and  360  days.  For  the  neat  cement  a 
1-day  test  was  also  made. 

The  results  of  the  tensile  tests  are  given  in  Table  116  (p  16), 
each  value  being  the  average  of  three  tests.  All  the  tests  of  each 
individual  brand  are  grouped  together  and  given  a  single  letter  for 
identification.     The  register  numbers  in  this  table  are  the  same  as 
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those  in  Table  I  (p.  11),  so  that  the  results  of  tests  of  physical  prop- 
erties of  any  sample  can  be  compared  with  the  chemical  analysis. 
The  temperatures  of  the  water  and  of  the  air  given  in  this  table  are 
those  observed  at  the  time  of  making  the  test  pieces.  The  percent- 
age of  water  is  that  required  to  secure  a  normal  consistency  and  was 
determined  in  advance  in  each  case.     At  the  bottom  of  each  group 
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Ficj.  1. — Curves  showing  variation  of  tensile  strengtti  witli  age  of  neat  cement. 

are  'given  the  average  values  for  that  brand  and  at  the  bottom  of 
the  table  are  given  the  averages  for  the  10  mixes.  Between  brand  G 
and  the  mixes  there  is  a  line  which  gives  the  averages  of  all  the  68 
samples  taken  from  the  seven  individual  brands. 

Effect  of  age  on  tensile  strength, — The  average  results  of  tests  to 
determine  the  effect  of  age  on  tensile  strength  for  each  individual 
brand  and  for  the  10  mixes  are  plotted  in  figs.  1  and  2.    Fig.  1 
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shows  the  results  for  neat  cement  and  fig.  2  the  results  for  1 : 3 
standard-sand  mortar.  In  both  these  diagrams  it  is  noticeable  that 
there  is  an  increase  in  strength  up  to  90  days,  almost  uniform  strength 
from  90  to  180  days,  and  a  decided  falling  off  in  almost  every  case 
to  360  days.  It  should  be  observed  that  in  fig.  2  the  curve  showing 
the  variation  of  strength  with  age  of  the  average  of  the  10  mixes  does 
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Fio.   2, — Curves   showing  variation   of   tensile  strength   with   age   of   1  :  .'i   standard-sand  * 

mortar. 


not  correspond  exactly  in  shape  to  the  curves  for  the  seven  brands. 
In  this  case  the  maximum  strength  is  attained  at  90  days  ,and  there 
is  a  falling  off  to  180  days.  Afterwards  the  strength  is  almost  con- 
stant to  360  days. 

Compressive  strength. — The  results  of  the  compressive  tests  of  the 
cubes  are  given  in  Table  lie  (p.  19).    The  register  numbers  being  the 
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same,  the  compressive  strength  can  be  compared  with  the  chemical 
composition,  Table  I  (p.  11),  and  with  the  other  physical  properties 
in  the  preceding  sections  of  Table  II  (pp.  13-18). 

The  irregularity  in  the  results  of  the  1-day  and  7-day  compression 
tests  of  neat  cement  can  probably  be  accounted  for  by  the  conditions 
in  the  laboratory  while  these  tests  were  being  made.  The  galvanized- 
iron  cans  that  are  now  used  for  storing  cement  had  not  been  pro- 
cured in  sufficient  numbers  at  the  time  of  mixing  these  test  pieces, 
and  a  large  amount  was  stored  in  sacks,  where  it  was  subject 
to  the  action  of  moisture  in  the  air.  The  lack  of  a  sufficient  number 
of  cube  molds  and  the  delay  in  obtaining  sufficient  Ottawa  sand 
rendered  it  necessary  to  continue  the  molding  of  the  test  pieces  over 
several  months  through  the  winter  of  1905-6.  Furthermore,  the 
exposition  buildings  used  by  the  laboratories  were  ill  adapted  for 
the  work,  and  the  installation  of  the  necessary  heating  plant  was  not 
completed  until  after  these  tests  were  made.  During  this  period  the 
temperature  frequently  dropped  at  night  as  low  as  40°,  which  re- 
tarded the  hardening  and  reduced  the  early  strength.  In  the  tests 
at  the  end  of  180  days  the  regularity  and  uniformity  in  the  results 
seem  to  indicate  that  these  early  conditions  had  little  effect  on  the 
final  strength.  The  blank  spaces  in  Table  II  indicate  breaks  in  the 
series,  where  no  test  pieces  were  made,  on  account  of  the  poor  con- 
dition of  the  cement.  No  cement  was  tested  if  there  was  any  indica- 
tion of  its  having  been  injured  by  the  moisture  in  the  air. 

The  experience  with  the  first  cements  was  very  valuable  in  indicat- 
ing the  care  that  should  be  taken  in  storing  cement.  At  the  present 
time  the  cement  is  dumped  out  of  the  sacks  as  soon  as  received,  mixed 
in  the  cubical  mixer,  and  stored  in  air-tight  cans.  As  an  additional 
precaution,  all  similar  test  pieces  are  molded  at  the  same  time.  A 
complete  heating  system  has  now  been  installed,  making  it  possible 
to  control  the  temperature  of  the  laboratories. 

The  temperatures  given  in  this  table  are  the  temperatures  of  the 
water  and  of  the  air  in  the  laboratory  at  the  time  of  molding  the  test 
pieces.  The  neat  test  pieces  and  the  1 : 3  mortar  test  pieces  were 
molded  at  different  times,  so  different  temperatures  are  given  in  the 
table.  The  percentage  of  water  used  in  the  test  pieces  was  deter- 
mined in  advance. 

The  averages  for  each  brand  are  given  at  the  bottom  of  the  group 
and  the  averages  for  the  68  tests  on  the  individual  brands  are  given 
near  the  bottom  of  the  table,  in  the  line  marked  "Average  A-G." 
The  averages  for  the  10  mixes  are  given  at  the  bottom  of  the  table. 

Effect  of  age  on  compressive  strength. — The  results  given  in  Table 
II  are  illustrated  in  figs.  3  and  4,  for  neat  cement  and  1 : 3  standard- 
sand  mortar,  respectively.  In  each  of  these  figures  the  curves  for 
19715— Bun.  331—08 3 
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the  seven  brands  and  for  the  average  of  the  10  mixes  are  shown  in 
separate  diagrams.  The  difficulties  already  mentioned  account  for 
the  diflFerence  between  the  curves  in  these  two  figures,  which  are 
greater  than  those  for  the  tensile  tests  (figs.  1  and  2).  These  curves 
differ  from  the  curves  showing  the  variation  in  tensile  strength  with 
age,  in  that  the  compressive  strength  ctmtinues  to  increase  up  to  360 
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FKjJ.  .'i. — Curves  showing  variation  of  compressive  stren^'tli  with  age  of  neat  cement. 

days,  and  the  falling  off  noticed  in  the  tension  tests  after  180  days  is 
not  apparent. 

Percentage  of  gain  in  strength, — In  order  to  determine  the  per- 
centage of  gain  in  strength  from  7  to  28,  from  7  to  90,  from  7  to  180, 
and  from  7  to  8()0  days  for  cements  having  different  strengths  at  7 
days,  Tables  III,  IV,  V,  and  VI,  based  on  the  results  given  in  the 
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preceding  table,  have  been  prepared,  showing  the  tensile  and  compres- 
sive strengths  of  the  different  test  pieces.  The  actual  strengths  are 
inserted  for  purposes  of  reference.  The  four  right-hand  columns  in 
each  table  contain  the  percentages  of  gain.  A  round-number  group- 
ing is  also  shown,  and  at  the  bottom  of  each  gi'oup  the  average 
strengths  ajid  average  percentages  are  given. 
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Fig.   4. — Curves  Bhowing  variation   of  compressive  strength   with   age  of   1:3   standard- 
sand   mortar. 

Table  III  gives  the  percentage  of  gain  in  tensile  strength  of  neat 
cement  for  the  four  periods  named.  The  results  are  arranged  con- 
secutively in  the  order  of  the  strength  of  the  test  pieces  at  7  days, 
the  lowest  values  being  given  first.  It  can  readily  be  seen  that  for 
cement  testing  low  at  7  days  the  increase  in  strength  is  much  greater 
than  for  those  testing  high  at  7  days. 
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Table  III. — Gain  in  tensile  strength  of  neat  eement  from  7  to  28,  7  to  90,  7  to 

180,  and  7  to  360  days. 


PoiinclH 

»<i|i]aTO 
Inch  Jit 
7  d&y!4. 


Ht'glBtt'r  Ko. 


ct.  eK,..„ 
ct.m 

Average. 


<;t.  66 . . 
Ct.  40 . . 
Ct.  20.. 

iX  7ti . . 
Ct.  31.. 

Ct,  41,. 
Ct.  37.. 
Ct.  SO , , 
Ct.  W.. 
Ct,3».. 
CLte.. 
Ct,  5.5., 


Arem^. 


■Ct,fi8„ 
Ct.5K. 

Ct.49„ 
Ct.W._ 
Ct.  lt„ 
Ct.  47.. 
Ct.  62„ 
Ct,  75.. 
Ct.  Ifl., 
Ct,  4H.. 
CL44-- 


ftn.fiS. 

ct,<u 

Ct.fi^S , 

Ct3!> 

Ct.  43. -...,- 

Ct,?i 

Ct.29. 

CL24,. 

Ct.7>^ 

Ct.  SO 

Ct.  6a. ...... 

Ct.  17...-.,, 

Ct.ll 

Ct.  10. -,,,.. 

Ct.77.. 

Ct.74.,„,.. 

CL.S7 ,, 

Ct.fiy.,.   ... 

rt,70.. 

Ct.60 

Ct,27....... 

'    AvpriftKe. . 


Ct.ifi. 
Ct,  SH. 
Ct.71. 
Ct.  9. 


Ct,  la. . 
Ct.  21 , . 
Ct.  1.1. . 
Ct,  23. . 
Ct.flf?.. 
Ct.ae  . 
Ct.l.,. 
Ct.ft... 

ci.jri.. 
rt.s3„ 

CI*  6.., 


TMjaUe  iitreogth  Jpfmnilji  per  tnnmre 
luch). 


7ditj,.2«rt*>-.900«yi.^  fliT-.      ^n. 


Per  cont  of  gHlJi  (li«*ed  on 
}itreagtb  nt  7  dMya)« 


Avcmge.. 


594  ! 

hhti 
M2  ' 

A53  I 
ft&7 

fifil  I 

5G6  I 

574  ; 

5H0  ' 

6H1 

61*1 

5H6 

5H7 

mm 

5^3 

67«  ■ 

«0G  . 
filfl  I 
«ltt 
^."3 
62K  ; 
696  ' 
637 
m4  I 

^6 

ma 

631 

6i>t^ 

fAR 
liiiO 

mi 
m2 

^GA 
6tt4  I 

ti71 
S7I 
b76 

r^t 
tiwj 
r«i 


701 
Wii 
707 
70H 

7i;i 

711 

716 
71ft 
?J4 

?J<J 
7m 
Tiki 

739 
71fl 
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Table  III. 


-Gain  in  tensile  strength  of  neat  cement  from  7  to 
180,  and  7  to  360  days— Continued. 


7  to  90,  7  to 


Pounds 

per 
square 
inch  at 
7  days. 


if 


Register  No. 


Ct.8 

Ct.67 

Ct.4 

ct.as 

Ct.42 

Ct.  28 

Ct.22 

Ct.  73 

Ct.2 

Average 

Ct.3 

Ct.  14 

Ct.7 

Average 


Tensile  strength  (pounds  per  square 
inch). 


7  days.  28  days.  90  days.    ^'^^^       ^^^ 


7M  ! 
756  I 
760 
762 
764 
764 
766  ! 
771  I 
783  I 

764 

820 
821 

872 


748 
932 
785 
786 
673 
857 
727 
878 
926 


725 
833 
787 

782 


916 
983 
942 
903 
907 
943 
863 
#21 
1,103 

942 

955 
861 
840 

885 


905 
878 
962 
893 
S^l 
823 
638 
929 
1,079 

885 

955 

1,042 

834 

944 


646 
578 
687 
604 
726 
603 
651 
663 
772 

669 

669 
669 
618 


Per  cent  of  gain  (hased  on 
strength  at  7  days). 


7-28        7-90        7-180       7-360 
days.      days.      days.      days. 


7-90 

7-180 

days. 

days. 

21 

20 

30 

16 

24 

27 

19 

17 

19 

12 

23 

8 

13 

-17 

19 

20 

41 

38 

23 

16 

16 

16 

5 

27 

-  4 

-  4 

6 

13 

-14 
-*24 
-10 
-21 

-  5 
-21 
-15 
-14 

-  1 


-18 
-20 
-29 

-•23 


Table  IV  gives  the  percentage  of  gain  in  tensile  strength  of  1 : 3 
standard-sand  mortar  test  pieces  for  the  four  periods.  In  this  table 
also  the  gain  for  the  test  pieces  testing  low  at  7  days  is  much 
greater  than  for  the  test  pieces  testing  high  at  7  days.  The  per- 
centage of  increase  for  the  1 : 3  standard-sand  mortars  appears  to  be 
much  greater  than  for  the  neat  cements. 

Table  IV. — Gain  in  tensUe  strength  of  1:3  standardsand  mortar  from  7  to  28, 
7  to  90,  7  to  180,  and  7  to  360  days. 


Pounds 

per 
square 
inch  at 
7  days. 


Register  No. 


[Ct.41 

Ct.  59 

ct.67 

ct.  70 

ct.  61 

Ct.  34 

Ct.33 

Average. 


Avezage. 


Tensile  strength  (pounds  per  square 

Per  cent  of  gain  (based  on 

inch). 

strength  at  7  days). 

7 

28 

90 

180 

360 

7-28 

7-90 

7-180 

7-360 

days. 

days. 

days. 

484 

days. 

days. 

days. 

days. 

days. 

days. 

169 

350 

440 

336 

107 

186 

160 

99 

181 

305 

485 

465 

341 

69 

168 

157 

88 

192 

433 

499 

419 

407 

126 

160 

118 

112 

192 

420 

639 

424 

491 

119 

181 

121 

156 

193 

328 

460 

480 

349 

70 

138 

149 

81 

196 

266 

433 

429 

320 

36 

121 

119 

63 

199 

354 

538 

515 

381 

78 

170 

169 

92 

189 

351 

491 

453 

375 

86 

161 

140 

98 

204 

313 

610 

488 

343 

63 

160 

139 

68 

205 

367 

496 

520 

359 

79 

142 

164 

76 

206 

415 

439 

423 

437 

101 

113 

105 

112 

206 

448 

464 

450 

466 

117 

126 

118 

126 

208 

472 

481 

418 

473 

127 

131 

101 

127 

209 

321 

487 

471 

327 

64 

133 

126 

67 

211 

323 

508 

633 

334 

53 

141 

163 

58 

212 

463 

567 

413 

430 

118 

163 

95 

103 

216 

474 

613 

443 

500 

120 

139 

106 

133 

217 

463 

560 

446 

439 

113 

158 

106 

102 

222 

365 

490 

499 

381 

64 

121 

125 

72 

232 

363 

478 

515 

346 

66 

106 

122 

49 

233 

327 

515 

505 

318 

40 

121 

117 

37 

235 

376 

604 

439 

349 

60 

114 

87 

49 

241 

391 

476 

601. 

351 

62 

97 

108 

46 

242 

379 

626 

657 

344 

67 

117 

130 

42 

243 

:«4 

606 

527 

361 

37 

108 

117 

49 

244 

410 

468 

577 

366 

68 

92 

136 

60 

247 

3.55 

525 

534 

369 

44 

113 

116 

49 

248 

491 

527 

455 

466 

98 

113 

84 

88 

249 

415 

503 

491 

354 

67 

102 

97 

42 

225 

394 

501 

486 

386 

76 

124 

116 

72 

30 
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Table  IV. — Oain  in  tensile  strength  of  1  :  S  standard-sa/nd  mortar  from  7  to  28, 
7  to  90,  7  to  180,  7  to  360  days— Continued. 


Poundi 
per 

inch  ut 
7  du]  8. 


Ket^Eftei-  No. 


CI.  la 

CI.  SB 

Ct.  19 „ 

CL21.. 

CU2&.. 

CI.  37........ 

Ct    2 

Cl,4» 

Ct'J7. ....... 

Cl.tW 

Ct  Hi........ 

Ct.  IW 

Ct.  51...„-.. 

Cl.22 

CLJSi....,,.. 

Ct.  fiM 

Ct.  M... 

Ct    1... 

ctas,...,.„ 

Ct   1 

Ct.,^7 

Ct.flO. ....... 


fCi.  9.... 
Ct  S... 
Ct36_... 
Ct.  41,.,. 
Ct.  42.... 
Ct50,,„ 
Ct.  14.... 
Ct  *».... 

Ct  a.... 

Ct28..,. 
Ct  1ft. .. . 
Ct2&..„ 
Ct.32.... 
Ctitt.*.. 
Ct  6ft.... 
Ct  &.... 
Ct  aft.... 

eta* ... 

ct.  24.,,, 

CtlL... 

ctm... 


Avenge, 


Tillidlic  Ktfv^nirth  {TK>injrIa  pur  ftqu&re 


7 

dayi. 


2sa 

264 

250 

257 

3ii2 

2a.H 

271  I 

2?i 

27fl 

27tf 

27* 

277 

277  , 
2S4  i 
286  , 
29D 
2(12 
207 
29S 
3U0 

274 

mi 

30r2 
S03 
3(H 

»4I7 
30^ 
:^i 
310 
310 
31 » 
am 
311? 
317 
310 

a^-j 

arj 
3:^4 
3n 
349  . 

31^  j 


L^S 

90 

330 

fluyt 

day^ 

d«>t 

307 

SOP 

394 

3U 

&23 

6^ 

34S 

&2fi 

48ti 

!KJ2 

4^ 

4^-^ 

3fiO 

497 

46a 

a-is 

4^ 

&15 

^a 

615 

6^20 

32» 

480 

60.^ 

4U1 

560 

602 

;*71 

625 

im 

J.-iK 

611 

488 

372 

502 

51« 

371 

6O0 

608 

3A7 

607 

682 

;;o6 

617 

310 

&m 

,4&N 

497 

400 

643 

61 4 

430 

49 

497 

:w2 

m 

429 

476 

47» 

60c* 

334 

49a 

4B-i 

414 

536 

6:a 

JOS 

4* 

497 

■  I 


^1 

392 
341 
101 
3^7 

:m 
;j32 

323 
U9ti 
U% 
403 
3^ 
409  I 
:J70  ' 
34rj 

4ij  ; 

3*43  , 

Mi 

372, 

»»*0 


611 
491 
63A 
627 
6(18 

610 
617 
6U> 
467 

4(>r'} 

604 
607 

641 

629 
492 
61U 
.^09 

6ia 


611 
456 
618 

rm 

620 
iW7 
4K6 
600 
622 
4lit^ 
477 
ii^ 


360 
djijB. 


Per  ctCTt  of  Kiiln  fW?^  on 


379 
879 
3.'i2 
397 
410 
34i5 
326 
afi7 

sap 

^2 
S86 
40H 

asi 

376  , 
410  ' 
371  I 
32ft 
462  I 

357  I 
32H  I 
3i56  I 


3IJ9  i 
3:12  I 

^t\  I 

348  ' 
36M 
43U  , 

374  I 


3i»l 

3y» 

3^19  1 
3,15  ■ 


7-w  I  7-ieo  I  7^sm 


22 
24 

m 

34 
37 

2a 

46 

23 

*S 

%^ 

3ft 
40 
27 
2€ 
41 
51 
18 

12  I 
39 

ae 

36 

2Z 
16 
29 
12 
32 
29 
13 
27 

4! 

39 
28 


.^rfi7 

SffJ 

IS 

hl-> 

3ti0 

7 

61 N 

JQ2 

27 

4S'> 

415 

20 

611 

379 

21 

47H 

396 

7 

612 

359 

7 

502 

370 

21 

101 
108 
109 

94 
94 
97 
7y 
1(KJ 
93 
85 
M2 

m 

91 
7Jt 
72 
ft2 
60 
«0 
65 

70 
69 
77 
'73 
M 
71 
»£ 
67 
6r> 
47 
49 
fi{} 
61 
75 
59 

m 

.V> 
64 

52 
51 


li[^  I 

90 

90 

83 
100 

9^ 

88 

85 

83 

77 

88 

84 

92 

II 

79 

81 

74 

18 

73 

63 


7^ 

70 

51 

71 

65 

70 

72 

6H 

64  , 

68 

50  I 

r,6 

57 


^  I 


59 ; 

69  ' 
60  ' 
60  I 

40  . 
47 


51 
51 
38 
56 
60 
i2 
24 
S7 
33 
2(1 
17 


34 

4i 

SI 
H 
50 
IS 
2C 
10 
19 

S4 


17 
16 
29 
H 
17 

as 

21 
14 
16 
25 
30 
8 
13 
20 
13 

29 
17 
14 
S 

17 


Table  V  gives  the  percentage  of  gain  in  compressive  strength  of 
neat  cement  for  the  four  periods  named.  In  this  case,  also,  it  can  be 
seen  from  the  table  that  the  percentage  of  gain  for  the  test  pieces 
testing  low  at  7  days  is  much  greater  than  for  the  test  pieces  testing 
high  at  7  days.  The  percentages  of  increase  are  greater  in  every  case 
than  those  of  tensile  strength  of  neat  cement  or  1:3  standard-sand 
mortar. 
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Table  V. — Oain  in  compressive  strength  of  neat  cement  from  7  to  28,  7  to  90, 
7  to  ISO,  and  7  to  360  days. 


per 

RtiglEt^rNo. 

Compressive  strength  {pouTi4«  pe? 
flqaarelacfa). 

Per  Pent  of  g«in  tbe«ed  oti 

Incb  Bt 

^d»ra. 

28djiy^ 

9DdftTk 

ISO 

S0O 

7-28 

7-90 

7-180 
djiyi. 

7-aeo 

1 

Ct.fi5,.,.... 

2,m 

3,166 
3,314 
3,490 
3,ati3 
3,«ft4 
2,931 
2,SM 

2,fl0fl 

3.1M 
S,221 

3,355 
3,442 

3,574 
3,600 
3,64S 
3,  DM 
3,7§9 
3,917 

3,  MS 
a.  951 
3,516 

4,a3M 

4,i«a 

4,274 
1,400 
4,459 
4,,'5«a 

4,  SKI 

4,887 

i.tm 

4.957 
1,^6 
4,«4S 
4,9&7 
4,966 

4,631 

5,ofta 

5,960 
6,1«8 
B,27."i 
5,195 
^,319 
5,3&g 
5,MF> 
&,717 
&,S21 

b,m 

b,M6 
S,9»l 
6,996 

5,546 

6,0G§ 
6,{l«44 
6,200 
6,2^6 
6,28S 
6,321 
6.3.^2 
6.371 

6,114 
6,693 
6  J 13 
6,4«8 
4,7S5 
6,S7fi 
6,4lt4 
ft,  013 
6,S2I 

6,«iti 
6,098 
9,209 
5,463 

5,1»6 
tt,4a9 
5,246 
6,268 
^457 
6,247 
6,379 
7,997 
8,090 
6,309 
6.'-S4 

6,e^ 

8,679 
5,186 
6,996 
7,727 
7,087 
7,627 

8.aflfl 

9,r«3 
7,794 
8,668 
6,B:^ 
12, 134 
6,ll^j 
8,470 
9,«2ff 
8,908 
7,408 

8,EKJ3 

7,S54 
7,803 
7,  MO 
^505 

7,orw 

9,ft3l 
fl,0»O 
7,193 
9,42fl 
H,9rt7 

8;44« 

io,ai»fl 

6,311 
8.Bfi9 

a,ai2 

7,929 
9,427 

$,m 

9,2fi8 
9,717 
9,520 
12,  JfcVi 
a,  581 

9,191 
6,929 

10,604 
«,199 
7,605 

11,067 
9,879 

ICO'hWJ 
9,188 

9,300 
9,193 
10, 680 
10,  475 
9,291 
9,177 
12,2ft3 
10,22fi 
6,^ 
10,533 
9.280 
8,14:7 
]0,16« 
9,44^7 
8,233 
9,942 
9,577 

10,334 
8.  Ml 

10,811 
H,90ti 
9,frf« 

11,7,M> 

lt.&31 
8,67a 

9,600 
11,336 
ll,i94 
11.080 
11,512 
11,879 
11,759 
n,813 
11,303 

11,346 
9,324 

ihm 

10,  f<29 

VI  m 

14,788 
8.790 
10,4ftl 
10,047 
10,034 
9,3-23 
10,942 
10,208 
11,327 
10,949 

10,6-^ 

12,359 
11,947 
1LJ,061 
11,724 
12,3*^2 
10.  (^ 
n,l50 
11.521 

11,318 
13,691 
11,267 
11,474 
12, 152 
11,066 
14,019 
12,050 

12,128 

10,4S5 
11,739 
13,031 
12.559 
11.358 
13.511 
Kt,141 
12,668 

n,w« 

14,076 
9.490 
10,955 
11,300 
8,346 
J1,77S 
11,262 

11,773 

12,146 
13,807 
12,987 
11, 8n 
12,607 
12.865 
11,449 
10,973 
12, 4Z^ 
14,273 
14,  OW 
10,  814 
11,36S 
13,  774 
12,806 
13,0;J3 
12,826 

12,597 

12,477 
13.485 
12,007 
12,4^ 
13.247 
12,664 
10,877 
10,896 
11,3»4 
11,978 
11,900 

7.?i5 
13,375 
11,094 

9,338 
11,660 

10, 3-20 
12,618 
10,073 
12,497 
11,^^7 
12,440 
Ifi,  146 
11,631 

186 
310 
164 
120 
67 
134 
120 
167 
146 

86 
97 

189 
70 
79 
56 

116 
48 
47 

136 
71 
73 

111 

107 
00 
58 

89 

112 
36 
64 
81 
61 
71 
90 

lOH 
67 
76 
40 

148 
23 
71 
95 
68 
49 

73 

46 
54 
45 
61 
35 
79 
69 
30 
65 
54 
61 
44 
72 
5 
48 

58 

31 

66 

4 

49 

56 
51 
106 
34 

330 

m 

356 
'22« 
166 
277 
235 
236 

256 
212 

m 

235 
226 
183 
174 
'356 
189 
90 
193 
155 
120 
168 
141 
109 
152 

176 

1.^ 
108 
154 
108 
120 
164 
153 
90 
136 
75 
140 
191 
78 
82 
42 
75 
64 
115 

119 

lis 

68 
104 
113 
95 
89 
63 
80 
72 
63 
54 
89 
63 
42 

£Z 
48 

5a 

87 
87 
94 
9S 
1U» 

344 
4£B6 
392 
S44 

303 

»» 

295 

277 
201 
2&4 
236 
209 
197 
329 
148 
193 
179 
176 
152 

161 
187 
177 

m 

206 
191 
207 
174 
131 
139 
144 
153 
151 
165 
163 
238 

94 
116 
106 
146 

98 
155 

130 
149 
74 
108 
124 
144 
1»4 
87 
100 
U2 
91 
67 
160 
69 
49 
104 

B7 
130 

68 
100 

87 

81 
14t 
149 

430 

ctsa*. ..,, 

535 

tXW , ,.. 

Ct.-i&, 

387 
359 

jl 

Ct.fil .„. 

334 

Ct.flO. .., 

277 

cuib.. 

Average  ,*„,... 

fCL«2 i 

376 
302 

3G6 
249 

cum..-^ 

279 

1 

CL*.. ::,„ 

Ct,|8 

3U9 
290 

Ct.B4 „,, 

246 

CL47 ,. 

^03 

1 

Ct.Sl 

CI.  !».,..,.„ 

Ct.M ...„, 

2^ 
258 
'254 

Ct,Tl,*,, 

291 

CL  iO 

160 

1 

a.  31 

197 

CL49 

cxu «,., 

Ct.  38 

200 
tl3 
I9B 

Ct,63 ,-.. 

186 

^    Averaife 

/Ct.7i -.- 

ct^ett 

235 

'201 
287 

CL65...,.., 

206 

i 

CLJS, ^^-. 

178 

CLTfl 

187 

% 

CU  ?«,..,„,, 

189 

1 
1 

CL42 „ 

Ct,3g 

151 
140 

Ct,&3.. 

mon    11,597 

8,fifll     12.47.^ 
1L73-^     12,8^^51 
li,i&ti     16. .^lO 
«,8m       9,*H4 
8.979     10,662 
7,08H  '  10. 192 
8,653     l!>.176 

169 

ci.m 

ex  04 .--. 

393 
188 

a 

ct.a7 

Ct.l*. 

CLG6 ,,, 

121 
158 
179 

£    I 

Ct.10 

1.t9 

CLia _ 

168 

a.  12. .,..,.. 

Avenge 

iCt.77.... 

9,115 
9,901 

10,912 
8,729 
10,7:i4 
11,050 
10,388 
10,101 
9,0.V» 
10,301 
10,1138 

9,8-lS 
11,810 

12,642 
9,&t6 
I0.9S3 
11,6-23 
12, 944 

la.roo 
in.3i]y 

1I,J21 

1 J  a^vi 

169 
173 
147 

Ct.W.,..w.. 

160 

i 

ctao,. — 

ex  72.... 

181 
I3fi 

s 

GtTO 

15S 

w 

ctw 

138 

s 

ctsa .„,..-.. 

a,  22. ..... 

108 
97 
99 

cx&o 

100 

CI  19.... 

9,512  '  11.138 

1M 

ctn.,..,... 

9,039 
U,2iri 
9,746 
8^497 

10,tt2» 
8,937 

9,170 
14,864 
10,106 

8,927 
U,313 

10.  las 

32 

^ 

Ct44. 

126 

^ 

Ct.7*...... 

85 

CLU 

56 

J 

Average  ........ 

fCt.99 

110 

71 

ct.a 

12,319     13,3tl7 
9.5i>4       9.511 
n,6?i     12,456 
11,763     11.7^ 
12, 2«     11,^13 
12/232     lS,27tl 
13,237     15,292 

108 

ct*aa 

62 

cte7 .-, 

ct,*a..-. 

101 
88 

iB 

Ct^lft...... 

m 

r 

CtB 

cti 

IN} 
83 

32 
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Table  V. — Gain  in  compressive  strength  of  neat  cement  from  7  to  28,  7  to  90, 
7  to  180,  and  7  to  360  days— Continued. 


Pounds 

per 
square 
inch  at 
7  days. 


0*0 


Register  No. 


Compressive  strength  (pounds  per 
square  inch). 


7  days.  28  days.  90  days,    ^l^g       ^^^ 


Ct.l7 

Ct.  30 

Ct.73 

Ct.  16 

Ct.86 

Ct.21 

Average  . 


6,402 
6,623 
6,671 
6,832 
6,934 
6,961 

6,461 


Ct.27 1  7,804 

Ct.8 j  8,131 

Ct.4 '  8,503 

Ct.9 9,016 

Ct.26 1  9,511 

Average 8,593 


9,724 
9,375 
8,003 
7,141 
8,622 
8,877 

8,967 

11,168 
13,064 
10,683 
12,021 
12,874 

11,962 


11,334 
12,138 
9,573 
9,943 
10,236 
9,369 

11,036 

11,855 
9,971 
12,196 
11,996 
11,281 

11,460 


12,653 
12,538 
11,094 
10,904 
12,000 
10,888 

12,090 

11,874 
14,794 
11,054 
13,164 
12,719 

12, 719 


12,766 
16,386 
12,234 
9,905 
10,704 
11,637 

12,219 

13,228 
12,896 
10,970 
16,690 
11.430 

13,043 


Per  cent  of  gain  (based  on 
strength  at  7  days). 


7-28 
days. 


52 
42 
20 
5 
24 
28 

40 

.3 
61 
26  I 
33 
85  ! 

40  I 


7-90 
days. 


7-180 
days. 

98 
89 
66 
60 
73 
56 

87 

52 
82 
30 
46 
34 

48 


7-360 
days. 


147 
83 
45 
55 
66 


70 
69 
29 
85 
20 

61 


Table  VI  gives  the  percentage  of  gain  in  the  compressive  strength 
of  1 : 3  standard-sand  mortar  for  the  four  periods.  Although  the 
percentage  of  gain  for  the  test  pieces  testing  high  at  7  days  is  less 
than  for  those  that  test  low  at  7  days,  a  very  large  increase  is  still 
shown  throughout  this  table. 

Table  VI. — Gain  in  compressive  strength  of  1:3  standard-sand  mortar  from  7 
to  28,  7  to  90,  7  to  180,  and  7  to  360  days. 


Pounds 
P«r 

Register  No. 

Corapcfsaivc  stroiigth  [poundfi  per 
liquiire  ioch). 

Hit  cont  uf  gain  (based  on 
strength  at  7  Oftyej. 

7  days. 

7 
days. 

2& 
days» 

days. 

360 

7-2a 

1f*2 
111 

HH 
77 
B3 

124 

H 
IGl 
101 
13H 
57 
■in 

52 

150 
43 
5 

210 
90 
30 

122 
38 
r,5 

KIO 

m 

NO 

7-90 
dnyH. 

21^1 
300 
101 
233 
1H2 

29.'! 

1H7 
278 

:t3i 

Ul 
102 
7S 

3i« 
a20 
174 

Ih'i 
im 

2i>J 
12U 

iri.'i 
2y7 

361 

m 

7-180 
darsi 

7-360 
dayif. 

! 

fCtM .„.. 

Ct,3S.. 

a.6& 

Ct.3l ,-,. 

Ct.29.. ..,.,. 

615 
730 
710 
788 

CSS 
836 

«67 

mt 

m 

JKKI 
873 

903 

912 
91B 
92a 
921* 
9h9 
9.->6 
»60 
gf73 

^m 

912 

l,f)64 
lp36S 
2,(]®3 
IpflOH 
1,4|& 

l,&4y 

WO 
2,209 
1,740 

2,ioa 

l,a©G 

i,;n4 

l,3li8 
1,5!H 

1»2*M 
9&5 

1,764 
1.209 
2,ia3 
1,319 
l,4e9 
2,2;i9 
2,J*50 
1,776 

r»66 

2*914 
3,6«1 

'2,39fJ 
8,201 
2,H24 
3,S13 
a,HQ 
1,800 
1,601) 

2,6S9 
2,6*il 

2.Goa 
a.  r^i 

2,a22 
2,497 

2,IOt> 
2  445 

2,4311 
2,94t 

4,631 
Si,  700 
2,H46 
2,244 

3.20C 

ajn 

3,m 
4,:*76 
2,^ld 
'i,Ml 

4J62 
M,81S 

2,Sfta 

4,noo 

4.0W 

2,m 

3,317 
4,40(1 
El,2tV7 
2.(^17 

3,t*K8 
4,342 
4.200 

S,926 

4,S00 

3, 107 
2,900 

l.ftTO 

3,4.57 

4,775 
4,3RH 
2,917 
7.275 
2,7f.O 
4a5S 
4,451,'^ 
2,437 

4.771 

4,H7ft 
2,3fi7 

4.024 

398 
617 
U^ 
2S1 

m 

361 

27fi 

278 
394 
161 
IttS 
lUG 

24« 

3fi1 
321 
213 
292 

""m 

322 
16J 
24fi 
352 
243 
lOfi 

2e» 

571 
573 

476 

« 

Av^HM^e 

Qt  46 

m 

277 

CL  76.  „,.,,.. 

Ct.66 

Ct.  75 . .... 

319 
488 

g§ 

Ct.  28.,,..., 

257 

Ct.  26 

220 

Ct.  10„,,„-.. 

S8 

1 

ATcniffe 

fCt.77,., 

£96 

i2d 

i 

Ct  47 ,,. 

BBS 

Ct.  &* , 

Ot.37........ 

GLIB.,., 

Ct.  61,...*.,. 

220 

19S 
343 

§ 

f?t  74 , 

370 

Ct.ti 

I5d 

c 

CL  12..... 

243 

(u 

t't.  m .....,.,. J 

390 

^         1 

ftt,ri6,  .^.- 

Ut.  2. -.,,,,, 

376 
140 

«         1 

AvcnffQ... 

m 
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Table  VI. — Oain  in  compressive  strength  of  1:3  standard-sand  mortar  from  7 
to  28,  7  to  90,  7  to  180,  and  7  to  360  days— Conthiued. 


Pounds 
|ier 

Inch  at 
7  days. 


\i 


Hcglfiter  NOh. 


Ct.  N... 
Ct.T2„. 
Ct.  IS.,. 
Ct.  7,--- 

CI.  32,.. 
CLfiS... 
Ct.63,„ 


Arems'S' 


Ct.  ]1. 
Ct.  IB, 
Ct.  le. 

ct.  as. 

CLffi. 
ct.  36. 

a,  41, 


Average. 


Ct.  17.. 

Ct.  ao.. 
ct.ai., 

Ct.4... 
CUM.. 

cteo.. 

Ct,67.. 
Ct  «.. 

Ct.61.. 


2 

< 


Avemxe- 


Ct.  27. 
Ct8.. 
Ct.24. 

Ct2B, 
Ct.*.. 


Average^ 


^.biiiprasffive  Klrciiffth  (pounds  per 


7 


i.ooa 

1,006 

lp06fi 
1,06« 
1,0^ 
Jp074 
1,044 

1,103 

i.iiy 

It  123 
1.124 
It  131 

itiaa 

1,16& 
]J57 
1,184 

1,287 
1,JS0 

i,££a 

1,379 
l,3iS 

i.ao7 

1.411 
1,448 
1,44a 
1,37& 

1.51& 
l,Ei68 
l,fi&4 
l.Si'r 

i,8ge 

1,£9«< 


28 
daya. 


1,282 
1»76B 

1^761 
«,10& 

i,s4a 

liftOwfi 

ttOgti 
ttSSl 

1,^24^ 

l,T7ft 

lt4:i!»  I 
1.(507  I 

It^lSO 
3J42 
U29& 


90 


2,3^t 
3t39? 
«.2ia 

B.917 
2,871 
3,651 

aao2 


2,46a 
2,673 
HtOOa 
3.793 
3tl74 


2t870 
ltfi04  t    2,  g^ 


i.a^i 

S,M4 
1,&M 
S,Offfi. 
3,600  I 
It1i2ft 

2,asa 

1,913 
1,621 

2,1^ 
3,014 

a.  ^01 

3,106 
3.293 
3t^4-'i 


3tfl6S 
2t91» 
3.900 

at«i5 

4tfl64 
3.267 
2t7fl2 
3,^M 

3,703 

2,  mo 

2.«^ 
3,677 

3,2.^       3,^1 


I 


180 
diiyii. 

3,212 
5,975 
3,611 
lA^ 
1.337 

3,667 
3p7S0 

3,490 
St  117 


6&jJk 


~r 


2,947 
3,302 

4.531 
2tT94 


3.4*13 
3,045 


2,375 
3,0[tg 

4.wa 
4,3:ta 

3,24^1 
3,4ii;* 
3J17 
3tSlfi 
3,300 

3,506 
3tfi07 
3, 642 
2.  909 
4t405 

3,5t)4 


4JS3 
4.044 
3J25 
a,  367 
4.3&4 
3,717 
4,30$ 

3.S6& 
2,642 


Per  fient  of  gtdn  (ba#ed  on 
Htrcngth  iit  7  nays). 


2,788 
S,  7.W 
4,  OB? 
5,025 
4,750 


4t292 
3,208 

f(,Bl5 

4t0l2 
3tl00 
3,687 
4,217 
4,833 
3,083 
K»00 
3,903 
^,802 

10^ 

3.825 
3,6.t8 
4.M2 
a,  375 
K.475 

3,075 


7-23        7-90       7-180      7-MO 
daya^      dayH.     daya,      dayH. 


28 
74 
60 
67 

191 
73 

143 
1 


IS 
49 
58 
46 
29 
41 

loe 

00 

172 
10 


IS 

159 

n 

121 
81 
38 

eh 

25 
12 

60 
09 

m 

87 
7H 
B7 

92 


135 
235 
214 
113 

:w7 

lfl9 
241 
198 
197 


119 

162 

14« 

138 

194  1 

234 

173 

22a  ! 

218 

233 

238 

342 

17& 

143  1 

312 

178 
142 

161 

102 
161 
120 
183 
I7e 
104 
189 
12fl 
91 

129 

144 
190 
70 
46 
94 

97 


220 
253 

la-i 

307 
17a 
243 
252 


201  I 
157  I 

196  I 

I 

84, 
119 
127  ' 
301 
214 
132 
IIS 
115 
129 

140 

131 
124 
119 
58 
132 

112 


20« 
231 
312 
243 
303 
2^ 
270 

139 


271 
171 

236 

213 
140 
178 
2nQ 
250 
185 
205 
170 
169 

190 

l.'iS 
133 
143 
83 
183 

116 


A  study  of  Table  II  (pp.  lS-21)  reveals  the  very  important  fact  that 
no  matter  whether  the  cements  test  low  or  high  at  7  days,  and  despite 
the  varying  percentages  of  increase  for  the  four  periods,  the  180-day 
and  the  3G0-day  strengths  are  all  reasonably  close  to  one  another. 
This  fact  shows  that  early  strengths  may  vary  considerably  without 
seriously  affecting  the  later  strength  of  the  cement  or  mortar. 

The  percentages  of  gain  given  in  Tables  III,  IV,  V,  and  VI  are 
illustrated  graphically  iti  fig.  5.  The  strength  in  pounds  per  square 
inch  at  7  days  is  plotted  horizontally  and  the  average  percentage  of 
increase  in  strength  for  each  group  of  three  is  plotted  vertically.  The 
decrease  in  every  case  in  the  percentage  of  gain  with  the  increase  in 
strength  at  7  days  is  readily  apparent  from  these  curves,  which  are 
plotted  from  the  averages  of  about  5,000  tests,  and  serves  to  indicate 
probable  strengths  for  periods  beyond  the  7-day  strengths. 
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STRENGTH  TESTS  OF  TYPICAL  PORTLAND  CEMENTS  USED  IN  TESTS  OF  MOR- 
TARS OF  SAND,  OF  GRAVEL  SCREENINGS,  AND  OF  STONE  SCREENINGS. 

Method  of  tests, — After  the  molding  of  the  test  pieces  of  the  seven 
individual  brands  and  of  the  10  mixes  was  finished  the  typical  Port- 
land cement  was  mixed  with  varying  proportions  of  the  various  sands, 
gravel  screenings,  and  stone  screenings.     In  every  case  when  a  set 


^^o^ 


i  i  I  ir 


pocfNos  pra  sqi/^/^s  //^c/if  at  v days. 

Fig.  5. — Gain  In  tensile  and  compressive  strenj^^tlis  of  neat  cement  and  1  :  3  standard-sand 
mortar,  at  28,  90,  180,  and  360  days ;  percentaj?es  based  on  strength  at  7  days. 

of  mortar  test  pieces  was  made  a  set  of  neat-cement  test  pieces  was  also 
made  at  the  same  time  from  the  same  cement  for  tension,  compres- 
sion, and  transverse  tests,  in  order  to  afford  a  basis  of  comparison  l)e- 
tweon  the  strengths  of  the  different  mortars.  In  order  to  identify 
the  parallel  cement  tests,  the  register  numbers  of  the  sample  used 
in  these  tests  were  given  in  the  moiiar  tables  opposite  the  register 
numbers  of  the  materials  with  which  they  were  used. 
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Tensile  strength, — The  results  of  the  tension  tests  are  given  in 
Table  Vila,  each  value  being  the  average  of  three  tests.  The  first 
mixture  of  seven  brands  was  given  the  register  number  Ct.  79,  and  all 
samples  taken  from  this  were  given  the  same  register  number  and  a 
second  number  to  indicate  the  number  of  the  sample.    For  example. 


JiS^"  //V  OArS  A6£  fN  DAYS 

Fio.    6. — Curves   showing?   variation    of   tensile   strength    with    age   of   typical    Portland 

cement. 

the  first  register  number  given  in  Table  Vila  is  Ct.  79-1,  the  next 
Ct.  79-2,  etc.,  and  so  also  for  Tables  VII&  and  VIIc. 

Table  VHa  affords  an  opportunity  to  study  the  effect  of  storage 
in  air-tight  cans  on  the  tensile  strength  of  the  typical  Portland 
cement  used  in  the  mortars.    The  results  given  near  the  top  were 
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obtained  from  samples  taken  from  the  can  early  in  the  work,  those 
given  near  the  end  of  the  table  being  obtained  almost  a  year  later. 
The  cement  used  in  the  later  tests  was  approximately  one  year  older 
than  that  used  in  the  first  tests. 

The  variation  of  strength  of  these  tensile-test  pieces  with  age  is 
Aown  in  fig.  6,  each  of  the  separate  averages  being  represented  by  an 
individual  curve.  The  curves  shown  in  fig.  6  are  less  uniform  and 
not  so  much  alike  as  those  in  fig.  1  (p.  23). 

Table  Vila. — Tensile  strength  of  typical  Portland  cement  used  in  mortar  tests. 


Register  No. 


79-1.. 
79-2. . 
79-3.. 
79-4.. 
79-6.. 
79-6... 
79-7. . 
79-8.. 
79-9. . 
79-10. 


Average . 


79-11. 
79-12. 
79-13. 
79-14. 
79-15. 
79-16. 
79-17. 
79-18. 
79-19.. 
79-20., 


Average . 


79-21. 
79-22. 
79-23. 
79-24. 
79-25. 
79-26. 
79-27. 
79-28. 
79-29. 
79-30. 


Average . 


79-31. 
79-32. 
7^-33. 
79-34. 
79-35. 
79-36. 
79-37. 
79-38. 
79-39. 
79-40. 


Average . 


79-41. 
79-42. 
79-43. 
79-44. 
79-45. 
79-46. 
79-47. 
7^-48. 
79-49. 
79-60. 


Temperature 

(*F.). 


Water.     Air. 


Average . 


66.2 
63.5 
66.9 
68.0 
66.2 
66.8 
66.2 
66.8 
63.6 
69.8 

66.2 

74.0 
71.5 
70.5 
71.6 
71.0 
71.6 
71.2 
69.0 
74.8 
69.8 

71.5 

70.5 
71.6 
71.2 
70.7 
71.6 
69.8 
70.7 
71.0 
70.7 
70.7 

70.9 

70.7 
70.7 
69.8 
69.8 
70.0 
68.0  I 
68.0  I 
69.8  ' 
71.5  I 
69.8  I 

69.8  I 

68.0 
69.8  I 
6.S.0  ' 
f)8.0 
68.0 
71.6 
68.0 
69.8  ; 
68.0  I 
69. 8 

68.9 


67.6 
59.0 
63.2 
59.3 
66.2 
64.1 
66.6 
66.2 
61.4 
69.4 

62.3 

70.0 
68.0 
68.0 
68.0 
69.0 
59.7 
67.6 
68.9 
66.2 
67.2 

67.3 

54.3 

68.2 
68.0 
52.0 
78.4 
68.0 
MA 
59. 2 
70.7 
70.5 

64.9 

70.0 
62.6 
63.0 
69.8 
70.4 
68.9 
68.4 
68.0 
70.0 
70.0 

08.1 

64.4 
64.4 
68.0 
62.6 
64.4 
71.6 
64.4 
66.2 
67.1 
59.0 

66.2 


Water 

(per 

cent). 


21.6 
21.5 
21.6 
21.6 
21.6 
21.5 
21.6 
21.6 
21.6 
20.5 

21.4 

20.6 
20.6 
20.5 
20.6 
20.5 
20.6 
20.5 
20.6 
20.5 
20.5 

20.5 

20.5 
20.6 
20.5 
20.5 
20.5 
20.5 
20.5 
20.6 
20.5 
20.6 

20.5 

20.5 
20.6 
20.6 
20.5 
20.6 
20.6 
20.5 
20.5 
20.5 
20.5 

20.5 

20.5 
20.5 
20.5 
20.5 
20.5 
20.5 
20.5 
20.5 
20.5 
20. 5 

20.5 


Tensile  strength  (pounds  per  square  inch.) 


1 
day. 


417 
294 
278 
330 
282 
326 
305 
368 
348 
438 


500 
472 
456 
422 
379 
461 
532 
525 
374 
392 

451 

433 
517 
560 
427 
568 
bid 
577 
577 
483 
639 

513 

542 
500 
506 
522 
293 
506 
377 
396 
521 
398 


.S21 
309 
371 
447 
,^51 
521 
452 
498 
583 
427 


7 
days. 


days. 


777 
650 
698 
788 
803 
767 
814 
813 
761 
847 


733 

788 
772 
843 
769 

821  I 
810 
823  I 
823  I 
749 

793 

806 
822 
949 

790 
766 

778  I 
757 
707  ! 
803  i 
774  ' 


837 

803 

738 

697 

927 

80H 

660  I 

745 

725 

761  I 

770 

720  '■ 
787 
789 
641 
7(il 
817 
800  1 
854  I 
853  : 
899  j 

792  ' 


870 
917 
851 
890 
697 
861 
805 
831 
823 
916 

846 

862 
864 
897 
790 
887 
886 
949 
982 
954 
859 


914 
954 
987 
909 
831 
948 
922 
939 
793 
748 


904 
890 
693 
780 
836 
923 
963 
838 
S94 
9-18 

867 

909 
864 
936 
972 
903 
903 
851 
8M 
924 
944 

906  ' 


90 
days. 


912 
973 
977 
934 
1,006 
1,000 
948 
990 
967 
962 


966 
968 
965 
1,018 
813 
817 
918 
903 
811 
967 


909 
968 
923 
912 
890 
943 
958 
990 
899 
903 

930 

907 
921 
860 
972 
829 
927 
950 
856 
925 
966 

911 

753 
872 
867 
825 
938 
823 
747 
834 
745 
943 

835 


180 
days. 


949 
863 
962 
911 
969 
902 
869 
871 
897 
979 

916 

996 
931 

867 
833 
858 
865. 
849 
942 
927 
823 


869 
842 
666 
773 
738 
727 
762 
705 
736 


945 
827 
836 
860 
844 
778 
924 
708 
861 
754 


718 
660 
815 
776 
772 
848 
719 
778 
796 
823 

771 


860 
days. 


727 
649 
?21 
720 
666 
636 
666 
662 
681 
678 

669 

716 
638 
716 
713 

788 
823 
866 
826 
868 
846 

779 

782 
788 
835 
828 
821 
766 
826 
797 
782 
811 

802 

827 
737 
665 
833 
811 
798 
808 
831 
815 
815 

794 

841 
854 
861 
805 
862 
863 
827 
827 
876 
900 

850 
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Table  Vila. — Tensile  strength  of  typical  Portland  cement  used  in  mortar  tests — Cont'd. 


Register  No. 


79-51 

79-52 

79^53 

79-M 

79-55 

79-56 

79-57 

79-68 

Average 

13:i-3 

133-& 

133-17 

13;}-21 

133--23 

133-28 

133-40 

Average 

135-1 

ia>-14 

lav-io.... 

135-23 

Average 


Temperature 

(OF.). 

Water. 

Air. 

69.8 

62.0 

69.8 

68.0 

69.8 

66.2 

69.8 

72.5 

69.8 

68.0 

71.6 

64.2 

71.6 

64.2 

69.8 

65.4 

70.3 

66.7 

63.0 

67.1 

68.0 

78.8 

68.9 

67.1 

69.8 

78.8 

69.8 

64.0 

68.0 

66.2 

71.6 

71.6 

68.4 

70.5 

78.8 

82.4 

78.8 

77.0 

77.9 

74.3 

78.8 

72.5 

78.6 

76.6 

Water 
(per 
cent). 


20.5 
20.5 
20.5 
20.5 
20.5 
20.5 
20.5 
20.5 

20.5 

20.5 
20. 5 
20.5 
20.5 
20.5 
20.5 
20.6 

20.5 


20.5  I 

'26.*5*l 
20.5  I 


Tensile  strength  (pounds  per  square  inch). 


1 
day. 

494 
510 
509 
514 
537 
536 
488 
465 


7 
days. 


819 
852 
624 
867 
848 
835 
757 
672 


28 
days. 


507 

784 

383 

708 

426 

684 

491 

748 

437 

725 

3'29 

764 

476 

768 

487 

780 

433 

740 

467 

740 

377 

652 

480 

794 

418 

788 

436 

744 

851 
762 
723 
731 
733 
804 
803 
728 


867 
784 
787 
815 
749 
772 
798 

796 

690 
816 
819 
831 


90 

180 

days. 

days. 

827 

825 

837 

776 

765 

833 

780 

832 

812 

786 

657 

846 

888 

841 

815 

874 

798 

827 

837 

789 

769 

844 

826 

882 

716 

960 

677 

769 

862 

a'^ 

834 

804 

789 

843 

960 

858 

971 

830 

886 

870 

862 

823 

920 

845 

360 
days. 

859 
862 
841 
857 
879 
866 
847 
852 

858 
863 

feo 

722 
697 

877 
843 
861 

820 


723 


(-ompressive  strength. — The  results  of  the  compression  tests  are 
given  in  Table  Vllft,  each  value  being  the  average  of  three  tests. 
The  foregoing  remarks  with  regard  to  storage  apply  equally  w^ell  to 
the  samples  used  in  the  compression  tests.  The  variation  in 
strength  of  the  compressive- test  pieces  with  age  is  shown  in  fig  7 
(p.  89),  each  of  the  separate  averages  being  represented  by  an  indi- 
vidual curve.  These  curves  are  less  uniform  than  those  shown  in 
fig.  3  (p.  26). 

Table  Vllb. — Compressire  strength  of  typical  Portland  cement  used  in  mortar  tests. 


Reigbter  No. 


Temperftture 


Water, ,     Air. 


71-1 - eu.o 

11-2.... , 7A,% 

fl^.,..., M.K 

»-*.,... 71. « 

71^*,. ..., 70.0 

7i^ , flV».6 

Tft-7 , 70.fi 

T9-« '  71. tt 

TO-fl , ...I  71.2 

7»-10 70.7 

Avemge..... : .j  70.  fl 

^11.. ..J  73.4 

71^12. , 68.0 

7*-13 fiS.O 

7»-U , m? 

Tfl-io*,., ms 

7B-16 70.7 

7^17. ., ..;  7©/2 

7»-l» fia.Q 

7»-l*.-„ ..,„„„,,  69.8 

»-» m,% 

ATetog^ '  fi9.  a 


67.6 

64.4 
60.3 
M.^ 

6S.0 
(12.5 

S7.2 
60.  S 
TJLA 
fi&.O 
70. 0 
70.0 
69.8 
6<i.2 
66.2 
72.0 
67.5 


Water 

Ck>mprcmlve  Htnength  (pciundH  perequ^ri'  [tit?h). 

1 

7 

28 

90 

ISO 

3*>0 

day. 

days. 

days. 

duys. 

days. 

diiys. 

2U5 

2,tMa 

».£SM 

10,068 

n,409 

12,792 

14.664 

21.5 

2,479 

S,e71 

10,  €33 

10,716 

12,774 

1*1,286 

21.  a 

l,§e6 

T.fise 

11.475 

11,^ 

12,(;S« 

13,184 

21.  a 

%ms} 

»,607 

in,.^u 

11.129 

14,392 

14,098 

21.  A 

3,U4» 

7,103 

9.714 

11.861 

13.ti73 

12,422 

21.fi 

'1Mb 

fi,7{i7 

^300 

n,4G2 

12,  671 

14,  na 

21.^ 

a.  001 

IM^ 

9,724 

12.730 

12,WJ0 

12^  082 

21.5 

{.'^03 

7^071 

10,813 

12,48? 

12.473 

ll,^"iS3 

21.  n 

2,ml 

^,778 

11.245 

n.l43 

ll.?t7 

11,3:^^ 

20.  P) 

2,314 

7/233 

9,892 

:3,30« 

14,289 

H  418 

21.4 

2,783 

7,677 

10,280 

11,804 

32,904 

13,508 

20.5 

2,586 

7.717 

9,132 

11,842 

14,065 

12,583 

20.5 

3.044 

6.»9® 

8,2»4 

11,220 

13,229 

13.014 

20.5 

%m^ 

7,64S 

8,699 

12, 73a 

11,^38 

13,218 

20.  b 

it,07l> 

6,658 

10,761 

12,008 

ia,933 

H.007 

mr> 

3,093 

7,24[J 

10,573 

12,684 

13,342 

12.326 

^.5 

3,2[(> 

7.03U 

10.212 

12,448 

l3,5tS 

14.743 

m.  n 

3.S.>1 

7.467 

fl,570 

11,2J6 

9.893 

14, 243 

mii 

3.72fi 

lA'^ 

fl,5^0 

13.  ^W 

Kh288 

12.045 

20.5 

3.K8& 

*i,K38 

9,870 

12,090 

12,101 

n,84l 

20. 5> 

^.MS 

K.OOO 

9jtl 

10,963 

14,494 

13.2&1 

20.5 

3,2GS 

7,4% 

9,5H7 

12,  U3 

12,670 

13,127 
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Table  VII6. — Compremive  strength  of  typical  Portland  cement  used  in  mortar  tfttiw — Cont'd. 


Regijster  Ho, 


79-22* 
79^23. 
7B-24. 
79-26. 
7B-26. 
79-27. 
7&-2B, 


Temperalure 


Water.  I    AJr. 


69.8  I 
70.7  I 
7^,4  I 
70.7 
6S.g  I 
70.7  I 
70,7  I 

69.  a 


70.7 

...„ _....,  7O.0 

68,0 

„ m.H 

'  68,0 

.,  eft.H 

.., I  71,6 

Avijnigi! 69*  7 


79-35. 
79-36. 
79-37. 
79-SS, 
79-39. 
79-10. 


7fr-*J, 
79-42. 
79-4S. 


79-4fi, 
79-46. 
T^^7. 
79-4S. 
79-19. 
79-^. 


lift.0 
68.U  I 
64.4  ' 

as.o  , 

68.0 
68.0 

6EL8  I 
68.0 


ATlTftifl': Bfi.1 


79-fil. 
79-52- 
79^53. 
79-M. 
79-W. 

79^'i7. 


i 


Averast' ' 


6».fi 

69.8  I 

69.8  ' 

69,8  , 

71.6  ' 

69.S 

69.9  ' 

fi3.5  I 

.,..., 67.1  ' 

.„,....,..  BH.9 

69.8 

6fl.9 

,... 6fi.9 

71.6 

68.4 

.,. 68.0 

- 7*1.8 

.,..1  78.8 

77.9 

78.8 

„.  TS.f* 

7S.8 

7&.H 

ATerBfftt ....,..,,,  77,3 


183r-3,. 

133-,^.. 
ia3-l7. 
133-21. 
138-23, 
133-28. 
133-10. 


Avfragfl . 


135-1., 

135-20. 
13.V2a. 
13.V24. 
135-26. 
13.V26. 


tiM.O 
64.4 
71.  e 
62.6 
69.8 
69.0 

(>3,0 


kv^T^i.^ j      70.6  !      6S.4 


60.8 
70.0 
70.7 
70.0 
6B,0 
tt7.1 
71,6 

tifi.3 

61.4 
68.0 
64,4 
61.4 
64,4 
fi4.4 
fEi,6 
62.6 
67.1 
60.0 

«i3 

fl9.8 

6W.0 
65.3 
6M,0 
67.1 
eM.2 

67.2 

74.  0 
68.0 
77.0 
73.4 
68,0 
74.3 
69.  S 

72.1 

64.4 

80.  U 
75.2 
74.3 
?J.fi 
71.6 
71,6 
71.6 

71*.  7 


Water 
Cper 
cent) . 


m5 
30.  S 
20.5 
39.6 
20,5 
29.5 
20.5  ' 
20:5  I 

30.5 


Compfe««lTC  atrangtb  (poundi  pera^iuire  Iticfh  >. 


1 

day. 


m5 

29.5 
3U.5 
20.5 
29,5 
20  5 
29.5 

30.5  I    3,368 


20.5  , 

20.5  I 

20,5 

20.5  I 

^9.5  I 

30,  ."i  . 

29.5 

29.6 

20.5 

30,5 

39.5 

■JO.  5 
29.5 

ao,5 

20.5 
30.  ft 
20.5 
^.5 
20.5 

2t3,  5 
29.5 
29,6 
20.5 
39.6 
20,5 
20.5 
20.5 


4*277 
3,954 

2,794 
3,850 
3,721 
3,010 
3,148 

3,593 

2,883 
3,679 
3,ffl6 
3JSK 
3,276 
2,SJ12 
4,617 


l,SO0 

2jm 

2,707 
2.726 

3.474 
2,1^ 
3,321 
2,637 

2,762 

4,234 

;j,2D8 
4.79S 
2.!>62 
3.929 
4,81^ 
2,552 


7 
dajM. 


8.,'i68 
7.684 
8,1»& 
7,675 
7,5»3 
8,069 
7,300 
6,&12 

7,675 

6,301 
7,383 
7,103 
7,ltlfi 
7,333 
8,247 
7,102 


5. 157 
4,506 

4,374 
3,445 
4.998 

4, 192 

J.5.M 

2,/>19 
4,443 
4,9&7 
4.92» 
4.91^ 
^.062 
5,0tt2 
6,(lti2 

4,. "^48 


dajn. 


9,098 
11.  £29 
10,  ,^95 
10,235 

If, 4m 
10,228 

9,6<i7 
11,091 

10,190 


90      [     1«0 
days.      days. 


10,676 
£1,488 
10,516 
12,421 
10.3&4 
11,253 
13. 174 
13,388 


11,138 

11,164 

11,881 

I  13,534 

ll.»42 

I  34,071 

I  18,117 

13,  {193 


n,6G0     12,499 


10,379 
10,21^ 

7,331     10,223 


10,189  12,9f^9 
11,871  13,ai4 
10,435  I  10.820 
9,%^!  I  10,875 
"  SOI      ll,lfi9 


6,fl59 
7,729 
8,046 
6,669 
7,388 
7,061 
7,73*S 

7,480 
7,913 

7,385 

S.fiOO 
7,077 
8,456 
8, 425 
7,8^5 
8,4t78 
8,446 


3.7y9       8.26S 


8,018 
ft.'i99 
7,844 
7,471 
H,3-2 
6.591 
7,240 

7,691 

7,043 
7,360 
8.306 
8,296 
6,626 
7,G75 
7,667 
7,6fi7 

7,566 


10,157 
U,0d6 
10,439 
10,721 
9,925 
11,179 
10,732 
11,425 
11,037 
10,464 


l'J.532 
10*674 

11,  748 


ittiia 

10,468 
11,425 
10,^96 
10,623 
]3,863 
12,221 
J3,33l 
11,  967 


13,474 
13,546 
11,4?2 
n,688 
13,8C3 
14.362 
12,188 
12,942 


10,712  i  11,4 


9,060  ' 
12,  tm 
10.391  1 
10,fl21 
11,278  I 

9,889  I 
11,046 


11,606 
13,301 
12,3^ 
13,  640 
12,  942 
10.985 
10,9S5 


13,216 
14,706 
12.ft55 

8,607 
11, 14S 

8J60 
10,458 

11,609 
11,634 

12,469 
11,794 
12,4}!i8 
11,318 
13, 129 
10,916 
11,3^ 


I 


10,7!y  I  12,2i7  !  11,! 

8,875  ,  10,788     10,707 
8.609  I  ri/2M     13,118 


11,381  I  13,033 
11.818     11,423 


8,174 
9.843 
ll,H«i9 
8.1tM 
9,.'V85     12,  B96  i  10,444 

9.'i93  12,013  11,451 


13,286  11.410 
11,617  I  10,023 


&.4M 
9,051 

I0,3;i3 
8,626 

11,5t3 
&.'28a 
9,282 
9,382 

9.flia 


10,  164  ,  14,235 

11,691  11,806 

10,185  12,976 

12.09«  i  12,716 

11.19fi  I  12.716 

11,767  12,847 

........  11,848 

11,767  ',....... 


11,309  I  12,738 


369 

dayn. 


12, 9^ 
12,004 
14,169 

10,914 
16,546 
12,113 
13,116 
U,S04 
12,9iI2 

12,415 
U,  124 
11,980 
13,996 
13,654 
12,947 
14,Og4 
12,735 


13,^(56 
15,6fiX 
14.7^ 
14,392 
11,441 
13,992 
13,377 
14.098 
13,322 

14,206 

14, 414 
13,337 
13,483 
14,208 
14,209 
14,424 
14,309 
14,149 

34,579 
14,457 
15,046 
13,343 
14,576 
14,147 
14,814 

14,509 
13,026 
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Transverse  strength, — The  results  of  the  transverse  tests  are  given 
in  Table  VII<?,  each  value  being  the  average  of  three  tests.  The 
values  in  the  table  are  the  moduli  of  rupture  computed  from  the 

breaking  load  at  the  center  by  means  of  the  formula  s=:l=?.     The 
results  given  in  this  table  are  shown  graphically  in  fig.  8.     These 


i^^UUU  — 

- 

^^_ 

fa^soo  - 

.^ 

y 

^*^ 

/OfOOO  -i 

7  *<W1    I— 

79  „„ 

/ 

?*//-« 

7^300 

[ 

sooa^ 

£^5QO^~ 

1 

1 

</2.SOO  - 

^-^ 

^^ 

.^ 

^ 

^  /OtOOO  ^ 

"«^ 

/ 

f 

!^j*^ 

X     7,30O   ' 

f 

^  i^jcc  '— 

1 

1 A  /_3  te^^J^ 

. 

1 

^ 

-- 

\i\t£^500  ' 

^ 

r^ 

^^ 

Q  y/1  J^fyf\ J 

C[  fUtwOO     , 

7f^-^ 

/ 

f 

TS'jB^^ 

^  zsoo 

0 

e^J^t/f  ^- 

1 

i5j%?€IQ 

^^ 

^^ 

/^ 

*- 

--^ 

y 

^" 

fOfOQO  h 

/' 

/W^,,o 

^ 

' 

^/-/ff 

T^jOO    " 

1 

SmOOO  - 

i 

2,S0O^ 

iS  : 

^ 
V^ 

/^K. 

5 

< 

5  J 

>4« 

VZ7 

/IK 

5- 

1 

li'iG.  7. — Curves  showing  variation  of  compressive  strength  with  age  of  tj'pical  Portland 

cement. 


curves  seem  to  indicate  that  the  strength  increases  to  90  days,  remains 
practically  constant  to  180  days,  and  then  decreases  slightly  to  8()0 
days.  ^Vhen  the  first  transverse  test  pieces  were  made  the  cement 
had  been  stored  about  a  year,  and  a  period  of  about  five  months  had 
elapsed  between  the  molding  of  the  first  and  the  last  test  pieces. 
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AGE  /isf  DAYS 


AGE  //Sf DAYS 


Fid 


8. — Curves  showing  variation   of  transverse  strenptli   with   age  of  tj'pical   Portland 

cement. 
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Table  VIIc. — Transverse  strength  of  typical  Portland  cement  used  in  mortar  tests. 


Ee^lMt^r  No. 


1S3-6,.. 

133-11,. 
1S8-IS.. 

13^14.. 

!3»-ll». . 


Average . 


1S3-20.. 
133-22., 
133-24.. 
131-35., 

las-as. 

133-27. 
13.V29. 
133-30.. 


A'VCFBge . 


laa-si. 

133-^. 
133-^. 
133-x^, 


13*^37. 
332-^. 

J33-41., 
133^2. 


Ar^TQge . 


133^3. 
133-14. 
133^7. 

iiM-1.. 
isir-a.., 

I3lr^... 

]S4-fi... 


AvprogQ  . 


134-9....... 

1S4-I0 

IM-ll...... 

134-13 

l*t-14...... 

i:+t-15. 

134-lC 

134-17...... 

134-1* 

lM-19 

Average . 
ia4-aa, 

iai-21 

Iftt^S 

136-1....... 

ISM. 

13fi-I....... 

l^B 

ISM....-., 
Averajje . 


iaV7... 
135-a.,, 
I3fi-13.. 
136-14. , 
136H.16.. 


19715— Bull.  331—08^ 


Tempera  tui« 

Water 

(per 

cent). 

TranjTsise  ttrengtb  (pound*?  per  s^tiare  iotih). , 

Water. 

Air. 

Iday. 

7djiyfl. 

28 

90 

180 
days. 

360 

71.6 

64.2 

20.5 

540 

1,332 

1,782 

1,836 

2,100 

l,ri66 

flg.S 

B4.2 

20.5 

540 

l»Stl8 

1,800 

2.070 

2,124 

1,530 

Bd.S 

66.4 

20.5 

630 

U386 

1,602 

1,908 

1,890 

1,338 

ms 

«8.0 

20,5 

774 

1,4'22 

1,764 

1,746 

2,088 

1,620 

«s.o 

70,7 

20.5 

738 

1,S32 

1,738 

1,512 

2,1H0 

1,944 

ea.Q 

67.3 

20,5 

792 

1,548 

1.494 

1,512 

2,106 

1.90e 

fi3.& 

74,0 

20.5 

738 

l,:**6 

U44Q 

1,ST2 

2,016 

1,962 

60.2 

7S,a 

20.5 

70! 

1,512 

1,692 

1,710 

2,106 

1,944 

fift.p 

78.8 

20.6 

756 

1.602 

l,74fi 

1,818 

2,142 

1.8^ 

67.1 

68.  U 

20.5 

756 

1,620 

1,386 

1,908 

2,070 

1,926 

67.2 

69.9 

20.5 

705 

1.451 

1,638 

1,780 

2,086 

1,763 

6H.II 

67.1 

20.fi 

882 

1.422 

I.TIO 

1,440 

2,070 

1,656 

fiK.9 

77.0 

20.5 

7SB 

1,332 

U63fi 

1,818 

2,142 

1.764 

m.^ 

78,8 

20.5 

l^CSd 

1*440 

1,764 

1,8^2 

2,100 

1,620 

0!».S 

73.4 

20.5 

382 

1,512 

1^602 

1,710 

2,t>70 

1,638 

eff.S 

64.0 

20.6 

^    810 

1^566 

1,908 

l,&-y4 

3,764 

1,890 

5B.0 

6e.7 

20.5 

838 

1,440 

1,710 

1.782 

1,584 

1,908 

eu.» 

68.0 

20.5 

828 

i«:^ 

1,440 

1,962 

2,106 

2,016 

Gfi.O 

66.2 

20.fi 

844i; 

U-176 

1,680 

1,854 

2,124 

3,106 

eg.» 

74.3 

mo 

1,€0« 

1,584 

1,612 

1,764 

2,052 

2.034 

m».8 

6&.8 

20.5 

972 

1.188 

1,674 

1,710 

2,106 

2,034 

09.1 

TO.  7 

20.5 

1^ 

1,435 

1.660 

1,777 

2,012 

1,867 

6«I.O 

77.0 

20.6 

792 

1.666 

1,836 

1,764 

2,070 

2.088 

71.fi 

60.6 

20.5 

972 

1,4I»4 

1,710 

1,638 

2.016 

69.8 

71,6 

20.5 

918 

1,386 

1.764 

1,962 

2,124 

2.0ft8 

71.6 

68.0 

20,5 

900 

1.530 

1,4^ 

1,692 

3,214 

2.088 

^.7 

64,4 

20.5 

918 

Ih5S4 

1.890 

1,692 

3,106 

2,m 

69.  i 

64.2 

20.5 

774 

1,401 

1,^0 

1,854 

1,998 

2,021 

m.% 

65.3 

20.5 

828 

1,458 

1,926 

1,923 

2,106 

1,993 

7Le 

71,6 

■20.5 

972 

],l>18 

1.336 

1,666 

1,962 

1,967 

7L6 

69.8 

20.5 

964 

1.710 

1,818 

1.962 

1,998 

1,661 

69.8 

63.0 

30.5 

846 

1,386 

1,548 

1*800 

2,106 

2.070 

70.  S 

70.1 

20l5 

8se 

1,498 

1.724 

1,795 

2,076 

2,010 

70.7 

71.6 

30.5 

864 

1,368 

1,746 

1,836 

2.160 

2,070 

70.7 

74.3 

20.5 

864 

1.458 

1.692 

1.836 

2,214 

1,818 

70,7 

77.0 

20.  B 

846 

1,404 

l.t}02 

1,980 

2,178 

1,941 

73.4 

78.8 

20.5 

82S 

1,4H 

1,(138 

1.854 

1,962 

1,980 

n,o 

78. 8 

20.5 

972 

1.440 

1,440 

1,944 

2,160 

2,025 

74.3 

BO.O 

30.  & 

810 

1.656 

1.6T4 

l,y44 

2,106 

1.936 

76.1 

74.8 

20,5 

954 

1,278 

1,890 

2,124 

2,124 

1,944 

76.2 

72.5 

20  5 

918 

1.548 

1,728 

2,142 

1,908 

1,957 

7S,2 

70,7 

20.5 

846 

1,422 

1,746 

1.962 

1>&51 

1,920 

76.1 

n.o 

20.5 

936 

1.476 

1,782 

2,016 

2,016 

2,052 

73.  a 

75.5 

20.5 

884 

1,454 

1.695 

1,964 

2,Cr74 

1,961 

75.2 

80.6 

20,5 

1,044 

1,278 

1,674 

1,908 

2,106 

1.944 

76,2 

7a  8 

20.5 

990 

1,476 

1,818 

2,253 

2,016 

2,088 

74.3 

71.6 

20.5 

954 

1,530 

1,836 

2,034 

1,872 

1,336 

76.2 

76.1 

20.5 

756 

1.494 

1,800 

1,1^ 

2,168 

1,693 

77.0 

30.6 

20,5 

990 

1.332 

l,flfl6 

3,142 

2.062 

1,975 

77,0 

NJ.fl 

20,5 

951 

1,386 

1.800 

1.998 

2,(^ 

1,805 

77.0 

76.2 

20.  S 

738 

1,494 

1.432 

1,998 

2,088 

1,800 

TiA) 

75.2 

20,5 

810 

L648 

1.962 

2,106 

2.016 

1,854 

77,0 

70,7 

20.5 

960 

l,5t2 

1.T2& 

3,016 

2,142 

1,751 

78,6 

82.4. 

SO.  5 

918 

1,566 

1,738 

2,034 

2,106 

l,8,'i9 

76.4 

77.1 

30,6 

9(36 

1,461 

1,742 

2,041 

2.060 

1.865 

75.2 

73.4 

20.5 

1,008 

1.530 

1,8^0 

2,034 

1,962 

2, 147 

77.0 

77.0 

20.5 

414 

1,674 

1,584 

2,016 

2,034 

2,003 

73.  fl 

73.4 

20,5 

900 

1,566 

1,746 

2,088 

1,96^^ 

1,823 

78. « 

82,4 

20.5 

1,008 

1.620 

La-vi 

2,0fi2 

1,962 

1.908 

7W.8 

80.6 

20.5 

1,008 

1.242 

1,854 

2,016 

2,088 

3,008 

78.8 

mA 

20.6 

]»2% 

1,476 

1,602 

2,016 

2,106 

7H.8 

80.6 

20.5 

1,008 

i.flao 

I.  818 

2.052 

2,150 

79.  & 

77.0 

20.5 

990 

1,476 

1,674 

2,  01& 

2,124 

77.2 

78,4 

20.6 

9.S4 

1,623 

1,753 

2,036 

2,047 

1.977 

78.8 

78.8 

20.5 

936 

1,476 

1,«0'2 

2,070 

2,031 

78.  a 

80.6 

20.5 

846 

1.491 

UW% 

1,980 

2.0rs2 

ao.6 

80.6 

20,6 

918 

1.440 

1.^ 

2,052 

1.926 

H».6 

84.2 

20.5 

972 

1.584 

1,854 

2,070 

1.002 

110.6 
1     ns 

82.4 
A 

20,6 

774 

1,584 

1,783 

2,034 

1,872 
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Table  YUc. — JWmtvertf  stretigth  of  typical  P&rtland  ^ment  used  in  moriar  tiM/^^ikm. 


£U!glst4^  No^ 


135^1B 

AifV.rfLge 

185-^21 

135-22,.,.. 
185-27..,.. 

1S6-8..,,.. 

laiM 

13fi-9. 

136-12 

Averagu 


TeiBpemmr^ 


ipcmn 
*F.). 


Wiiter. 


77.3 


Air. 


76.9 


76.  fl 


tP«r 
cent). 


TrKEU^^ene  tttrcn^h  (pounaK  per  ntqiuire  1nt?b). 


Ida^. 


91S 


20.  6  I        320 


Tdaym, 


1,B36 
1,170 

ip4Te 
1,693 
1,&&1 

i,aH 

l,7fi4 
1,746 

1,562 


1,932 


1,950 


1,060 

2,q70 
2,041 

%(m 

1,99« 
2,088 
2,070 
2,034 
2,052 
2,124 
2,016 

2,  me 


1.81S 
2,034 
2,062 

1*926  ! 

2,016 

U«90 
2  0W2 
2,100 
2,143 
1,998 
2,142 

a,05« 


I 


Lapse  of  time  between  frst  and  last  molding.- — ^The  tension-  and 
conipressi  on -test  pieces  of  typical  Portland  cement  were  made  at 
about  the  same  time,  the  first  mix  being  exhausted  l>efore  the  trans- 
verse molds  arrived  at  the  lalx»ratories.  While  the  transverse-test 
pieces  were  being  made,  the  second,  third,  and  fourth  mixes  were  used, 
and  part  of  these,  as  well  as  a  portion  of  the  fifth  mixture,  were  used 
in  molding  the  trans  verse -test  pieces.  As  far  as  can  be  seen  from  the 
residts,  there  was  no  appreciable  difference  in  the  qualities  of  the 
cements  in  the  different  mixtures. 
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Moimd  City  Gi-avel  and  Cement  Company,  MoseUe,  Mo. 
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Stewart  l'e<'k  Kaiid  (>jmi*any,  Kansas  City,  Mo, 
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METHOD  OF  COLLECTION. 

In  almost  every  case,  in  order  to  insure  the  collection  of  a  typical, 
sample  of  any  sand,  a  special  representative  of  the  laboratories  vis- 
ited the  deposit  and  personally  supervised  its  collection  and  shipment. 
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ampins  were  shipped  in  double  sacks^  the  inner  of  which  was  a  close- 
xtiirpcl  grain  bag,  and  the  outer  a  coarse  bag  of  burlap.  This  pre- 
ution  was  taken  in  order  to  eliminate  as  far  as  possible  the  possi- 
bility of  losing  any  pait  of  the  fine  materiaL  A  complete^  descrip- 
ion  of  each  sample  of  sand  is  pven  in  the  following  pages;  also 
nitrations  from  photographs.  All  the  sands  were  subjected  to  the 
[snal  physical  tests  and  were  mixed  with  typical  Portland  cement  to 
make  mortar  test  pieces. 


DESCRIPTIONS  OF  SANDS. 


tReguter  No.  f>d.  L — A  recent  river  sand,  designated  Sd-  1,  was 
nmped  from  the  Missouri  River  channel  at  Kansas  City.  Mo.,  and 
discbarged  upon  scows,  in  %vhich  it  was  transported  to  Kansas  City, 
^B.n  endeavor  was  made  to  procure  the  sand  in  its  original  condition, 
^^o  as  to  determine  the  proportion  of  silt  and  its  consequent  effect  on 
niortars  in  whicli  the  sand  was  used;  but  this  was  found  practically 
impossible,  as  a  large  amount  of  the  silt  was  washed  away  in  pump- 
ing, and  when  received  at  the  laboratories  the  determination  showed 
only  0/2  jkt  cent  of  silt.  While  this  does  not  indicate  the  amount  of 
^ilt  present  in  the  original  sand,  it  does  show  the  condition  of  the  sand 
larketed.  It  is  reported  to  1k>  used  for  all  purposes  except  that  it 
unsuited  for  linishing  work  Ijecause.  of  a  tendency  to  check  or 
si  off. 

An  examination  of  the  granularmetric  analysis  curve  (fig,  10,  p, 

l8)  proves  this  material  to  t>e  one  of  the  ''  finest  "  sands  received  at 

Jie  laboratories     The  physical  properties  of  this  and  other  sands  and 

t^i*eenings  are  shown  in  Table  VIII    (p*  59)*     The  percentage  of 

huds  is  32,0 ;  the  weight  per  cubic  foot  is  101\3  pounds;  and  the 

yield  in  1:3  mortar  is  1<18.    The  results  of  the  strength  tests  of  mor- 

tai>^  made  by  tbe  use  of  one  part  of  typical  Portland  tsement  to  3 

^r)aHH,  to  4  parts,  and  to  3  parts  sifted  to  liO— 40  size  of  this  and  21 

^Bther  sands  are  given  in  Table  IX  (p.  G2).    PL  I,  *I,  illustrates  this 

^sand,  showing  I  he  material  in  its  actual  size,  great  care  having  been 

taktui  to  procure  a   photogi'aph  that  would  represent  as  nearly  as 

possible  the  grading  and  the  relative  proi3oition  of  fine  and  coai"se 

nuiterial. 

I         Ref/hter  No.  SfL  f, ^-Another  recent  river  sand,  designated  Sd.  2, 

^was  obtained  from  the  channel  of  Kansas  (Kaw)  River,  at  Armour- 

Hb^  (a  part  of  Kansas  Cit}',  Kans. ),  by  means  of  a  dredge  and  pump, 

P^Vffl  discharged  into  a  scow. 

The  granularmetric  analysis  curve  (fig,  11,  p,  50)  indicates  that 
about  70  per  cent  passes  the  No.  20  sieve  and  about  15  per  cent  passes 
the  No,  40  sieve,  Tbe  percentage  of  voids  is  34.9;  the  weight  per 
cubic  foot  is  107,7  pounds;  there  is  only  a  trac^  of  silt,  and  the  yield 
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in  1 :  B  inortar  is  1,12*  The  results  of  the  strength  tests  of  mortal^ 
made  from  this  sand  are  given  in  Table  IX  (p.  62).  This  sand  is 
ilhist  rated  in  PL  I,  B. 

Register  No,  Sd.  J, — A  river  sand  designated  Sd.  3  wa^i  obtained 
from  Scioto  Eiver  at  Columbus,  Ohio,  by  means  of  an  endless-chain 
device  with  elevator  buckets.  The  njaterial  was  dunjped  upon  scows 
and  transferred  to  cars  by  means  of  a  traveling  crane. 

The  granularmetric  analysis  curve  is  shown  in  fig.  12  (p,  52),  and 
the  appearance  in  PI.  I,  (\  The  percentage  of  voids  is  36.1 ;  the 
weight  per  cubic  foot  is  103,3  poundi?;  the  amount  of  sill  is  4.2  per 
cent,  and  the  yield  in  1 :3  mortar  is  1*09.  The  resuHs  of  the  strength 
tests  of  mortars  made  from  this  .sand  are  given  in  Table  IX  (p,  (12)* 

Register  No.  Sd.  4* — Band  designated  Sd,  4  was  obtained  from  a 
gra\*el  "bank  of  glacial  origin  IcK^ated  at  Bymmes^  Ohio,  The  mate- 
riuh  consisting  of  sund,  gravel,  ami  bowhlers,  was  excavated  from  a 
bank  about  600  feet  long  by  means  of  a  steam  shovel.  After  excava- 
tion it  was  passed  through  a  crusher,  following  wliich  it  was  st.Teened 
and   washed. 

An  inspection  of  the  granularmetric  analysis  curve  (fig,  Vhj  p.  54), 
indicates  that  this  is  next  to  the  coarsest  and  most  uniformly  graded 
of  the  22  sands  herein  des(*rit.)ed.  Only  32  i^r  cent  passed  the  No,  20 
sieve.  The  appearance  is  shown  in  PI.  II,  A.  The  percentage  of 
voids  is  28;  the  weight  per  cubic  foot  is  116,4  pounris;  the  amount  of 
silt  is  1.4  per  cent,  and  ihe  yield  in  1 :3  mortar  is  1.14.  The  results 
of  the  strength  testa  of  mortal's  made  from  this  sand  are  given  in 
Table  IX  (p.  62). 

Register  No^  Sd.  o. — A  river  sand  designated  Sd*  5  consisted  of 
a  mixture  of  sand  and  gravel  excavated  from  the  Ohio  River  shore 
near  Cincinnati  by  means  of  a  centrifugal  pump.  The  material  was 
discharged  into  barges,  from  which  it  was  loaded  into  wagons  for 
distribution  throughout  the  city.  The  bank  tliat  was  worked  ex- 
tended  for  a  distance  of  i>00  feet  along  the  Ohio  River  shore.  After 
being  taken  from  the  river  the  sand  was  passed  through  a  |-inch 
screen  and  washed. 

The  grading  of  this  sand  is  somewhat  irregular,  as  shown  by  the 
granularmetric  analysis  curve  in  tig,  11  (p.  50)  and  the  ap{x*arancj* 
in  PI.  II,  B,  The  percentage  of  voids  is  34,6 ;  the  weiglit  per  cubic 
foot  is  104. B  pounds;  a  trace  only  of  silt  is  pi^esent,  and  the  yield  in 
1:3  mortar  is  1,11.  The  results  of  the  stiTugth  tests  of  mortars 
made  from  this  sand  are  given  in  Table  IX  (p.  62). 

Register  No.  SfL  6. — The  saniple  designated  8d,  6  is  a  Imnk  sand, 
a  glacial  deposit  near  Fox  River,  and  was  excavated  by  tram  and 
bucket  from  the  sand  pit  at  St.  Charles,  IlL 

As  shown  by  the  granularmetric  analysis  curve  {fig,  11,  p.  50), 
tliis  sand  is  rather  fine,  68  per  cent  pastiing  the  No,  20  sieve.     The 
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percentage  of  voids  is  31.6;  the  weight  per  cubic  foot  is  113.5 
pounds;  the  amount  of  silt  is  0.53  per  cent;  and  the  yield  in  1:3 
mortar  is  1.14.  The  results  of  tests  of  mortars  made  from  this  sand 
are  given  in  Table  IX  (p.  62)  and  the  appearance  is  shown  in  PI. 
II,  C. 
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DfAMETER  OF  PARTICLES /N  INCHES,  WfTM  NUMBERS  OF  Sf£VES 

Pig.  9. — Oranularmetric  analysis  curves  for  sands  15,  21,  17,  and  10.  Results  for  sieves 
No8.  10,  20,  30,  40,  50,  80,  and  100  shown  by  solid  lines ;  for  Feret's  two-sieve  method 
by  broken  lines;  uniform-grade  lines  shown  by  dots  and  dashes. 


Register  No.  Sd.  7, — The  sample  designated  Sd.  7  was  obtained  by 
means  of  a  tram  and  bucket  from  a  glacial  deposit  of  indefinite  extent 
along  Fox  River  at  Carpenterville,  111. 

As  indicated  by  the  granularmetric  analysis  curve  (fig.  10,  p.  48) 
and  the  appearance  (PI.  Ill,  A)^  this  sand  contains  a  large  amount 
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of  fine  material,  77  per  cent  passing  the  No.  20  sieve.  The  per- 
centage of  voids  is  3LH;  the  weight  per  cnbic  foot  is  IIB  pounds;  the 
amount  of  silt  is  1.2  per  cent;  and  the  yield  in  1:3  naortar  is  1*22. 
The  results^  of  the  strength  to^ts  of  mortars  made  from  this  sand  are 
gi%^en  in  Table  IX  (p,  62). 

Register  No,  Sd.  8. — Material  designated  Sd.  8  is  bank  sand  f  mm  a 
portion  of  a  glacial  deposit  along  Fox  Kiver  in  the  vicinity  of  Algon- 
quin, I  11m  and  was  excavated  by  means  of  tram  and  bucket. 

As  shown  by  the  granularmetric  analysis  curve  (fig.  IS,  p.  54) 
this  sand  is  somewhat  coarser  than  the  average,  but  it  is  veiy  imi- 
fornily  graded,  and  only  46  per  cent  passed  the  Xo,  20  sieve.  The 
percentage  of  voids  is  30.7;  the  weight  per  cubic  foot  is  114-r>  pounds; 
the  amount  of  silt  is  1,3  per  cent ;  and  the  yield  in  1 : 3  mortar  k  1,10, 
The  results  of  the  strength  tests  of  mortars  made  fi"om  this  sand  are 
given  in  Table  IX  (p.  G2).  This  sand  is  illustrated  in  PI  IIL  B. 
The  pre^nce  of  particles  from  the  smallest  up  to  the  J-inch  size 
indicates  to  the  eye  the  uniform  grading. 

Reguter  No,  Sd,  9, — The  sample  designated  Sd.  9  was  taken  by 
means  of  a  di*edge  from  a  glacial  deposit  along  Desplaines  River  at 
Liberty ville,  lib 

As  indicated  by  the  granularmetric  analysis  curve  for  tliis  sand 
(fig.  12,  p-  52),  it  is  very  imifonnly  graded,  and  only  about  50  per 
cent  passes  the  No,  20  sieve.  The  percentage  of  voids  is  31.4;  the 
weight  per  cubic  foot  is  110.5  pounds;  the  amount  of  silt  is  2,6  per 
cent;  and  the  yield  in  1 : 3  mortar  is  1,16,  The  particles  of  this  sand 
are  so  soft  that  they  can  easily  \n  crushed  between  the  fingers.  The 
uniform  gi'ading  of  this  sand  indicates  that  the  sti'ength  of  the 
mortar  should  i>e  high;  but,  evidently  owing  to  the  character  of  the 
sand,  this  expectation  was  not  borne  out  in  the  tests,  Tliis  sand  is 
illustrated  in  PI.  Ill,  C  The  miifonn  grading  is  clearly  apparent. 
The  results  of  the  strength  tests  of  mortars  made  from  this  sand  are 
given  in  Table  IX  (p.  62). 

Register  No,  Sd,  10*— The  sample  designated  Sd,  10  is  a  mixture  of 
outwash  glacial  and  alluvial  deposits  from  a  bank  located  in  Kenton 
Coimty,  Ky,  The  working  was  about  600  feet  long  by  70  feet  wide, 
and  the  sand  was  shipped  to  the  vicinity  of  Cincinnati,  Ohio,  The 
face  of  the  hank  ahead  of  the  work  had  a  peculiar  appearance,  on 
account  of  the  arrangement  of  the  strata.  The  layer  of  sand  that  was 
excavated  was  covered  by  a  4- foot  layer  of  moldy  sand  and  a  10- foot 
layer  of  gravel- 
As  indicated  by  the  granularmetric  analysis  curve  (fig,  9,  p,  45), 
this  sand  contains  a  large  amount  of  fine  material,  9  per  cent  passing 
the  No,  80  sieve  and  abcnit  82  per  cent  passing  the  No*  20  sievB.  The 
percentage  of  voids  is  31,6;  the  weight  per  cubic  foot  is  110  pounds; 
the  amount  of  silt  is  2.1  per  cent ;  and  the  yield  in  1 : 3  mortar  is  1,18. 
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11  the  ilhistration  of  this  sand  (PL  IV,  A )  the  small  amount  of  large 
uiaterial  and  the  large  amount  of  smaller  partk-les  prevsent  can  be 
rlearly  seen.  The  results  of  the  strength  tests  of  mortars  made  fi'om 
this  sand  are  given  in  Table  IX  (p,  (52), 

Register  No,  Sd.  //*— Material  de,signated  Sd.  11  is  a  mixture  of 
washed  magnesian  limestone  crusher  screenings  and  a  washed  glass 
santL  The  limestone  is  from  the  Monroe  formation  (Silurian)  and 
was  removed  by  the  open-face  method,  dynamite  l>eing  used  for  blast- 
ing and  compressed  air  for  drilling.  The  sand  (Sylvania  sandstone) 
is  found  between  two  limestone  beds  in  the  quarry.  The  \^'orking  face 
is  alxjut  2,500  feet  long  and  about  30  feet  high.  This  quarry  was 
operated  by  an  elaborate  gravity  system.  The  material  was  marketed 
iti  Detroit,  Mich.,  and  in  Toledo  and  Cleveland,  Oliiu,  in  tlii^e  grades, 
viz,  coarse,  medium,  and  fine,  sand  11  being  tlie  medium  grade- 

Arcc^rding  to  the  gi^anularmetrie  analysis  curve  (fig.  12,  p.  52),  this 
inixtui*e  of  sand  and  limestone  is  shown  to  l>e  very  uniforndy  graded, 
and  4ri\  per  cent  passes  the  No,  20  sieve.  The  sample  is  illustrated  in 
PL  IV,  /?.  Tlie  amount  uf  voids  is  3G  per  cent;  the  weight  per  cubic 
foot  is  110  pounds;  the  amount  of  silt  is  ZA  per  t^nt ;  and  the  yield  Ln 
1 :3  mortar  is  1,13.  The  results  of  the  strength  tests  of  mortars  made 
from  this  mixture  are  given  in  Table  IX  (p.  (12)* 

Rf'f/L^ter  JVo.  Sd.  i^,-;-The  sample  designated  Sd,  12  is  the  finest 
grade  prepared  in  the  manner  described  for  Sd.  11. 

As  shown  by  the  giimularmetric  analysis  curve  (fig.  13,  p.  54) 
and  the  illustration  from  photograph  {PL  IV,  C)^  this  sand  is  very 
uniformly  graded;  and  11  per  cent  passes  the  No.  20  sieve.  The  pet- 
centage  of  voids  is  35.5;  tiie  weight  per  cubic  fo<it  is  100.5  puunds; 
the  amount  of  silt  is  4.7  per  cent;  and  the  yield  in  1:3  mortar  is  1.12, 
which  is  practically  the  same  as  that  of  Sd.  11,  The  results  of  the 
strength  testes  of  mortars  made  from  thLs  mijcture  are  given  in  Talde 
IX  (  p,  62) • 

Register  No,  fSd,  iJ.^Tlie  sample  designated  Sd.  13  is  a  washed 
sand  of  glacial  origin,  containing  particles  np  to  onc-eightli  inch  in 
diameter.  It  was  excavated  by  means  of  a  steam  shovel  from  a  bank 
5,000  feet  long  and  300  feet  wide  at  Chilson,  Mich.,  and  wms  l^eing 
.shipped  to  Toleflo,  Ohio. 

As  indicated  by  the  granidarmetrie  analysis  curve  (fig.  13,  p.  54), 
this  is  one  of  the  most  uniformly  graded  sands  used  in  these  mvesti- 
gations;  and  38  per  cent  passes  the  No,  20  sieve.  The  api>earance  is 
shown  in  PL  V,  A.  The  percentage  of  voids  is  28.^);  the  weight  per 
cubic-  foot  is  119.5  pounds;  the  amount  of  silt  is  0.3  per  cent:  anil  the 
yield  in  1 : 3  moiiar  is  1.21.  Tlie  results  of  the  t^sts  on  mortars  made 
from  this  mixtnre  are  given  in  Table  IX  (p.  62). 

Hey  inter  XiK  Sd,  74^— The  sample  designated  Sd.  14  was  remove.d 
from  the  north  cliannel  of  St.  Clair  River  by  means  of  a  centrifugal 
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Register  No.  Sd.  15. — The  sample  designated  Sd.  15  is  a  very  fine 
sand,  extensively  used  as  a  finishing  sand  for  sidewalks  and  concrete 
blocks.  It  was  taken  from  St.  Clair  River  by  means  of  a  centrifugal 
pump,  loaded  in  scows  and  transported  to  Detroit. 

According  to  the  granularmetric  analysis  curve  (fig.  9,  p.  45) 
this  sand  is  the  finest  of  the  22  sands  herein  described,  96  per  cent 
passing  the  No.  20  sieve  and  85  per  cent  passing  the  No.  40  sieve. 
The  percentage  of  voids  is  40.5;  the  weight  per  cubic  foot  is  95 
pounds ;  the  amount  of  silt  is  2  per  cent,  and  the  yield  in  1 : 3 
mortar  is  1.13.  The  results  of  the  strength  tests  of  mortars  made 
from  this  sand  are  given  in  Table  IX  (p.  62).  PL  V,  C  shows  that 
there  is  only  an  occasional  large  particle  in  the  sand,  the  great  mass 
of  the  particles  being  exceedingly  small. 

Register  No.  Sd.  16. — ^The  sample  designated  Sd.  16  was  obtained  at 
the  beach  of  St.  Clair  River  near  Amherstburg,  Ontario,  by  means  of 
a  centrifugal  pump,  and  was  dumped  into  scows  and  towed  to 
Detroit. 

The  granularmetric  analysis  curve  of  this  sand  is  shown  in  fig.  13 
(p.  54).  The  percentage  of  voids  is  29.7;  the  weight  per  cubic  foot 
is  119.5  pounds;  the  amount  of  silt  is  0.2  per  cent,  and  the  yield  in  1 :  3 
mortar  is  1.20.  The  results  of  the  strength  tests  of  mortars  made 
from  this  sand  are  given  in  Table  IX  (p.  62) .  The  illustration  of  this 
sand  (PL  VI,  A)  shows  that  the  material  is  very  uniformly  graded, 
particles  of  almost  all  sizes  being  in  sight. 

Register  No.  Sd.  17. — The  sample  designated  Sd.  17  was  excavated 
by  pick  and  shovel  from  a  rather  dirty  bank  of  glacial  material,  at 
Utica,  Mich.,  and  shipped  to  Detroit. 

According  to  the  granularmetric  analysis  curve  (fig.  9,  p.  45)  this 
is  a  very  fine  sand,  61  per  cent  passing  the  No.  40  sieve  and  83  per  cent 
passing  the  No.  20  sieve.  The  percentage  of  voids  is  34.5 ;  the  weight 
per  cubic  foot  is  105.5  pounds;  the  amount  of  silt  is  3.4  per  cent,  and 
the  yield  in  1 : 3  mortar  is  1.27.  The  results  of  the  strength  tests  on 
mortars  made  from  this  sand  are  given  in  Table  IX  (p.  62).  The 
appearance  of  the  sand  is  shown  in  PL  VI,  B. 

Register  No.  Sd.  18. — ^The  sample  designated  Sd.  18  was  screened 
from  a  gravel  of  glacial  origin  at  Attica,  Ind.  It  was  excavated 
from  the  bank  by  a  steam  shovel,  and  was  then  screened  into  several 
sizes  and  washed. 

According  to  the  granularmetric  analysis  curve  (fig.  10)  this  sand 
is  rather  fine,  79  per  cent  passing  the  No.  20  sieve,  44  per  cmuX 
passing  the  No.  40  sieve,  and  14  per  cent  passing  the  No.  80  sieve. 
Its  appearance  is  shown  in  PL  VI,  C.  The  percentage  of  voids  is 
34;  the  weight  per  cubic  foot  is  106.5  pounds;  the  amount  of  silt 
present  is  3.9  per  cent,  and  the  yield  in  1 : 3  mortar  \h  1.15,    The 


^M             50                      TESTS   OP   MATEBULS   OF   CEMENT   MORTABa.     ^^^^^^B 

^^^K  results  of  tlie  sti-ength  tests  of  mortars  made  from  this  sand  are    V 
^^V  shown  in  Table  IX  (p.  62).                                                                          1 
^m             Reguter  Xo,  Sd.  19, — A  second  sample,  screened  from  the  same    1 
^H          deposit  at  Attica,  Ind»,  was  designated  Sd.  19.                                          ■ 
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in  1:3  mortar  is  1,19.  The  results  of  the  strength  tests  of  mortars 
matle  from  this  sand  ai'^  .^hown  in  Table  IX  (p.  02).  This  sand  is 
ilhistratLHl  in  PI.  VII,  A.  The  comparatively  iinif^'irm  grading  is 
evident,  and  it  can  he  seen  that  the  sizes  range  tmifornily  from  the 
largest  down  to  the  smallest* 

Reffuter  .Yo.  SfL  ^0,~X  third  sample,  from  the  same  bank  as  Sd.  18 
Hnd  Sd.  19,  was  de^signated  Sd.  20. 

According  to  the  grannlarmetric  analysis  curve  (fig.  12,  p*  52) 
this  sand  is  midway  between  ii  fine  and  a  imiformly  coarse  sand,  50 
per  cent  passing  the  No.  20  sieve.  The  percentage  of  void  is  28 ;  the 
weight  per  cidiic  foot  is  116. .^j  ponnds:  the  amount  of  silt  is  l.S  per 
cent,  and  the  yield  in  1  :3  mortar  is  Lit*.  The  results  of  the  strength 
tests  of  mortars  made  from  this  sand  are  shown  in  Table  IX  (p»  62), 
and  the  sand  is  illustrated  in  PL  VII,  B. 

Reghtrr  Xo.  S(L  ^i^^The  sample  designated  Sd,  21  is  a  bar  sand 
from  Meraiiiec  Rivei*  at  liloselle,  Mo* 

Aocording  to  the  gnHudarnietrio  analysis  curve  (fig.  9,  p.  45)  this 
is  a  very  fine  sand,  S2  per  cent  passing  the  No,  80  sieve  and  2  per  cent 
parsing  the  No,  80  sieve.  A  large  amount  of  this  sand^  over  60 
\wv  cent,  is  of  approximately  one  si^ie,  lietween  Nos.  30  and  50  sieves. 
This  may  be  seen  in  the  photograph  reproduced  in  PL  VII,  C,  The 
perc*entage  of  voids  is  40.9 ;  the  weight  per  cubic  foot  is  89  pounds ; 
a  trace  only  of  silt  is  present,  and  the  yield  in  1:3  mortar  is  1.05. 
The  results  of  the  strength  tests  of  mortars  made  from  this  sand  are 
shown  in  Table  IX  {p.  62). 

Refpattr  Xv.  SiL  22. — A  sand  generously  donated  in  large  qnan- 
titles  by  a  8t»  IjouLs  company  is  used  at  the  laborat<3ries  wherever  a 
standard  sand  is  required  in  tests  not  involving  the  quality  of  the 
cement.  The  selection  was  influenced  (1)  by  the  physical  quality 
of  the  sand  and  (2)  by  the  facility  with  which  it  could  l^  procured. 
It  is  designated  Sd.  22  and  is  a  recent  river  sand,  pumped  by  a 
suction  dredge  from  the  bed  of  Meramec  River  at  Drake,  Mo.,  about 
15  miles  from  the  hd^oratories.  The  dredge  deposits  the  material  in 
scK)ws  which  convey  it  a  few  hundred  yards  to  the  screens  where  it 
is  elevated  by  means  of  a  clam-shell  bucket  and  washed  down  tlirongh 
a  series  of  screens,  which  separate  the  material  into  2-inch,  1-inch, 
J-ineh*  coarse,  and  fine  sizes* 

The  grannlarmetric  analysis  curve  (fig.  11,  p.  50)  indicates  that 
it  lies  midway  between  the  coarse  and  the  fine  sands,  and  that  it  is 
uniforndy  graded;  93  per  cent  passes  the  No»  10  sieve.  69  per  cent 
passes  the  No.  20  sieve,  ^yt^  per  cent  passes  the  No.  30  sieve^  and  IT 
per  cent  passes  the  No.  50  sieve.  The  percentage  of  voids  is  36*4 ;  the 
^  weight  per  cubic  foot  98. 8  ponncls ;  there  is  only  a  trace  of  silt,  and 
the  yield  in  1 :  3  mortar  is  1.11.    The  results  of  the  strength  tests  of 


^B            mortals  made  from  this  sand  are  shown  in  Tiihle  IX  (p.  62).    Tbi^| 
^H            sand  is  ilhist rated  in  PL  VIII,  A.                                                          ■ 
^H                Stamlard  Ottawa  sand, — Sand  from  the  St  Peter  formation  a^| 
^H            Ottawa,  IlL,  lifted  to  20-30  size,  was  designated  standard  OttawiM 
^H            sand.    That  the  grains  are  ahnost  all  of  the  same  size  ean  readily  bifl 
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PHYSICAL  TESTS  OF  SANDS. 

Method. — When  a  sample  of  sand  is  received  at  the  laboratories  it 
is  spread  on  a  concrete  floor  in  a  thin  layer  and  turned  at  frequent 
intervals  for  a  period  varying  from  a  few  hours  to  2  days,  until  it  is 
thoroughly  air  dried.  The  temperature  of  the  room  in  which  the  air 
drying  takes  place  is  maintained  at  about  70°  F. 

The  sands  (all  of  which  have  previously  passed  the  J-inch  screen) 
are  submitted  to  tests  for  granularmetric  composition,  perc^tage  of 
voids,  specific  gravity,  weight  per  cubic  foot,  percentage  of  moisture, 
and  the  percentage  and  the  chemical  analysis  of  silt,  which  are  deter- 
mined and  recorded  as  explained  in  Bulletin  No.  329.  The  results  of 
the  chemical  analyses  of  the  silts  are  given  in  Table  X  (p.  77),  and 
of  the  other  determinations  in  Table  VIII  (p.  59). 

Gramdarmetric  analyses, — The  set  of  sieves  for  the  granularmetric 
analyses  comprises  those  with  10,  20,  30,  40,  50,  80,  100,  and  200  open- 
ings per  linear  inch.  A  sample  of  the  air-dried  material  is  placed 
on  the  upper  of  the  nest  of  sieves  and  shaken  for  15  minutes,  when  the 
residue  on  each  sieve  and  the  material  passing  the  No.  200  sieve  are 
weighed.  The  weight  of  material  retained  on  each  sieve  and  passing 
the  No.  200  sieve  is  divided  by  the  weight  of  the  original  sample  tx) 
find  the  percentages  retained  on  each  sieve  and  passing  the  No.  200 
sieve.  These  percentages  are  given  in  Table  VIII  (p.  59).  Granu- 
larmetric analysis  curves  are  also  drawn  for  purposes  of  comparison. 

GranularmetHc  curves, — The  granularmetric  analysis  curves  are 
shown  in  figs.  9-13,  the  ordinate  at  any  sieve  being  the  total  percent- 
age that  passes  that  sieve,  and  not,  as  in  Table  VIII  (p.  59)  the  per- 
centage retained  by  the  sieve.  The  percentage  passing  any  sieve  is 
found  by  adding  together  the  percentages  retained  on  all  the  smaller 
sieves  and  that  passing  the  No.  200  sieve.  At  the  left-hand  side  of 
each  curve  are  given  the  percentages,  and  at  the  bottom  of  each  figure 
the  diameters  of  the  particles  that  pass  the  different  sieves,  also  the 
numbers  of  the  standard  sieves  used  in  the  work.  Starting  at  the 
top  of  fig.  9  (p.  45)  with  the  curve  of  the  sand  (Sd.  15)  having  the 
largest  amount  of  fine  material,  these  curves  are  arranged  in  con- 
secutive order,  ending  at  the  bottom  of  fig.  13,  with  the  curve  of  the 
sand  (Sd.  16)  having  the  largest  amount  of  coarse  material. 

The  granularmetric  analysis  curves,  as  determined  by  the  stand- 
ard sieves  previously  referred  to,  are  given  in  full  lines.  In  order  to 
illustrate  the  difference  between  this  method  of  analysis  and  the  two- 
sieve  method  proposed  by  M.  Feret,  the  curve  representing  the  analy- 
sis by  the  latter  method  is  plotted  in  each  case  in  broken  lines.  Tho 
diameters  of  particles  that  would  pass  through  the  two  sieves  pro- 
posed by  Feret  are  approximately  0.0125  and  0.0465  inch.  There- 
fore, the  broken  lines  are  drawn  from  zero  to  the  point  at  which  the 
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segment  decreases  the  sand  gradually  becomes  coarser  and  approaches 
imiform  grading  more  nearly. 

Only  that  portion  of  each  curve  that  shows  the  variation  in  grad- 
ing under  the  No.  10  sieve,  and  for  a  short  distance  beyond  it,  is 
drawn  in  the  figures.  If  the  remainder  of  the  curves  were  drawn 
there  would  simply  be  three  straight  lines  from  the  line  for  the  No. 
10  sieve  to  100  per  cent  at  a  diameter  of  0.25.  Instead  of  this,  the 
lines  to  the  right  of  the  No.  10  ordinate  are  given  the  proper  incli- 
nation and  the  remainder  is  omitted. 

Comparison  between  measured  and  computed  voids. — In  the  deter- 
mination of  the  percentage  of  voids  and  the  weight  per  cubic  foot, 
three  independent  determinations  were  made.  After  each  reading 
the  material  was  thoroughly  air  dried  for  the  next  test. 

On  account  of  the  great  difficulty  experienced  in  the  determination 
of  the  percentage  of  voids,  due  to  the  flexibility  in  compacting  the 
material,  and  to  the  contained  moisture,  great  care  was  required  in 
these  determinations.  Afterwards,  the  voids  were  computed  from 
the  specific  gravity  and  weight  per  cubic  foot. 

On  account  of  the  fact  that  different  methods  of  placing  the  mate- 
rial in  the  weighing  cylinder  result  in  different  degrees  of  compact- 
ness, a  uniform  method  of  handling  was  adopted.  This  consists  in 
allowing  the  material  to  fall  from  the  same  height  and  to  fill  the 
cylinder  in  a  certain  length  of  time. 

The  computed  and  measured  voids  are  given  in  Table  VIII  (p.  59). 
The  computed  percentage  of  voids  for  any  sand  is  found  by  first 
multiplying  the  specific  gravity  by  the  weight  of  a  cubic  foot  of  wateri 
This  gives  the  product  "  X"  (column  10)  in  the  table,  which  is  the 
weight  of  a  solid  cubic  foot  of  the  material.  The  measured  weight 
per  cubic  foot,  W,  is  then  divided  by  X  to  give  the  part  of  the  space 
actually  occupied  by  the  sand  grains  (column  11).  The  difference 
between  this  quotient  and  one,  multiplied  by  100,  gives  the  computed 
percentage  of  voids. 

In  columns  14  and  15  of  the  table  are  given  the  differences  between 
the  measured  and  computed  values.  In  only  two  cases,  namely,  Sd.  7 
and  Sd.  16,  are  the  measured  voids  an  appreciable  umount  greater 
than  the  computed.  Almost  invariably  the  latter  is  the  greater,  but 
in  more  than  two-thirds  of  the  cases  the  difference  is  not  more  than  1 
per  cent.  From  the  line  marked  "Average  "  it  can  be  seen  that  the 
computed  voids  are  0.8  per  cent  greater  than  the  measured. 

Unifoi^mity  coe^cient. — It  is  frequently  necessary  to  draw  compari- 
sons between  sands  composed  of  grains  of  different  sizes.  It  has  been 
generally  established  that  the  strength  quality  or  value  of  a  sand  may 
be  indicated  by  ascertaining  whether  it  lies  in  the  coarse,  medium,  or 
fine  region,  and  it  is  important  to  determine  in  some  way  the  degree 
of  coarseness  or  fineness.    One  method  that  suggests  itself  is  to  sift 
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the  sand  through  the  eight  sieves  that  are  used  in  the  series  of  experi- 
ments under  description,  and  then  to  plot  the  granularmetric  analysis 
curve  as  has  been  done  in  this  report.  A  direct  comparison  can  then 
be  made  between  any  sands  whose  granularmetric  analyses  are  known. 
Feret's  two-sieve  method  for  studying  properties  of  sands  has  been 
already  explained  (p.  53).  Another  method  of  studying  sands  is  by 
means  of  Hazen's  uniformity  coefficient. 

Hazen  suggested  a  factor  equal  to  the  ratio  of  the  diameter  of  one 
particle  (located  by  the  intersection  of  the  60  per  cent  abscissa  with 
the  granularmetric  analysis  curve)  to  the  diameter  of  another  particle 
(located  by  the  intersection  of  the  10  per  cent  abscissa  with  the 
curve) ;  the  size  of  the  latter  or  smaller  particles  he  terms  the  "  effect- 
ive size,"  and,  inasmuch  as  this  acts  in  the  capacity  of  a  divisor,  its 
fluctuations  affect  the  uniformity  coefficient.  When  the  curves  show 
a  general  normal  alignment  through  the  two  points  mentioned 
above,  the  uniformity  coefficient  as  thus  obtained  is  a  fair  index  of 
the  relative  grading  of  the  sand. 

The  uniformity  coefficients  of  the  sand  studied  in  this  investigation 
are  arranged  progressively  in  decreasing  order  in  Table  XI  (p.  62). 
The  voids  of  each  sand  are  also  given  for  convenience  of  comparison. 
This  uniformity  coefficient  does  not  appear  to  indicate  the  quality 
of  a  sand  any  better  than  the  granularmetric  analysis  curves. 

PHYSICAL  TESTS  OF  SAND  MORTARS. 

Method, — Each  of  the  sands  described  in  the  preceding  pages  was 
mixed  with  typical  Portland  cement  to  form  mortars  of  different 
proportions,  and  these  mortars  were  made  into  test  pieces  for  the 
tensile,  compressive,  and  transverse  tests.  Proportions  of  1:3  and 
1 :  ^  were  used  in  every  case ;  in  many  other  cases  where  there  was 
sufficient  material  of  one  size  this  was  tested  as  a  1 :  3  one-size  mortar. 
For  each  sand  15  test  pieces  were  made  for  each  kind  of  stress,  and 
three  pieces  were  tested  at  each  of  the  five  ages,  7,  28,  90,  180,  and  360 
days. 

The  results  of  the  strength  tests  on  these  mortars,  including  the 
register  number,  the  yield  at  the  1 :  3  ratio,  the  register  number  of  the 
corresponding  typical  Portland  cement  test  pieces,  the  temperature 
(in  °P\)  of  the  water  and  of  the  air  at  the  time  of  molding,  the  per- 
centage of  water  used  for  normal  consistency,  and  the  breaking 
strengths  (in  pounds  per  square  inch)  at  different  ages  are  given  in 
Table  IX  (p.  02).  In  giving  the  results  of  tests  on  1 : 3  one-size 
mortar  the  size  to  which  the  sand  was  shifted  is  also  shown.  Table 
VIII  (  p.  59)  summarizes  data  respecting  the  field  origin  and  nature 
of  each  sand;  and  the  average  physical  properties  are  given  in  Table 
XII  (p.  78). 
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The  yield  of  1 : 3  mortar  was  determined  in  order  to  form  a  general 
basis  as  to  the  volume  of  mortar  derived  from  a  given  volume  of  sand 
when  mixed  with  cement  in  proportions  of  1:3  by  weight.  This 
value  is  obtained  by  dividing  the  volume  of  mortar  by  the  volume  of 
the  sand  before  mixing. 

The  results  of  the  strength  tests  on  neat  cement  test  pieces  made 
from  the  same  cement  used  in  the  mortars  are  given  in  Table  VII 
(p.  36)  and  are  plotted  in  figs.  6,  7,  and  8.  The  corresponding  cement 
numbers  found  in  the  left-hand  column  of  Table  VII  are  also  given 
in  Table  IX  so  that  the  strength  of  the  mortar  can  be  compared  with 
the  strength  of  the  neat  cement  used  in  the  mortar. 

Tensile  strength. — The  results  of  the  tensile  tests  on  1:3,  on  1:4, 
and  on  1:3  one-size  sand  mortar  are  given  in  Table  IXa  (p.  62). 
The  results  are  arranged  in  groups  of  three,  and  the  average  of  each 
group  is  shown  in  the  line  marked  "Average." 

The  lack  of  uniformity  in  the  increase  of  strength  is  probably  due 
to  physical  differences  in  the  sands.  In  general,  the  tensile  strength 
of  all  three  proportions  seems  to  decrease  with  the  increase  in  the 
voids.  An  increase  in  tensile  strength  is  also  noticeable  as  the  sands 
approach  uniform  grading. 

Compressive  strength. — The  results  of  the  compressive  tests  are 
given  in  .Table  1X6  (p.  67).  The  values  in  this  table  are  in  pounds 
per  square  inch  and  are  obtained  by  dividing  the  total  breaking  load 
by  the  area  of  cross  section  of  a  2-inch  cube. 

Considering  these  tests  in  the  order  of  the  percentage  of  voids,  as 
arranged  under  tensile  strength,  we  see  that  the  strength  appears  to 
decrease  with  the  increase  of  voids.  The  strength  of  mortars  made 
from  sands  which  have  a  small  percentage  of  voids  is  in  every  case 
much  greater  than  that  of  mortars  made  from  sands  having  a  large 
percentage  of  voids.  The  difference  in  strengths  of  the  mortars  of 
different  proportions  is  also  greater  for  those  sands  that  have  small 
percentages  of  voids.  This  condition  is  the  same  as  that  noticed  in 
the  study  of  tensile  strength  and  indicates  that  the  greatest  com- 
presive  strength  can  be  obtained  by  the  use  of  a  mortar  in  which  the 
sand  is  uniformly  graded. 

Transverse  strength. — The  results  of  the  transverse  tests  are  given 
in  Table  IXc  (p.  73).  As  stated  elsewhere  (p.  9),  the  values  given 
in  this  table  are  moduli  of  rupture  in  pounds  per  square  inch.  These 
tests  show  the  same  tendency  as  in  those  for  tensile  and  compres- 
sive strength.  The  strength  of  mortar  made  from  those  sands  in 
which  the  percentages  of  voids  are  low,  while  not  so  marked  as  in 
the  tension  and  compression  tests,  is  greater  than  that  of  mortar 
made  from  sands  in  which  the  percentages  of  voids  are  high. 

Summary  of  sand-mortar  tests. — In  general  there  is  greater  uni- 
formity in  tests  made  at  the  end  of  180  days  than  in  those  made  at 
19715— BuU.  331—08 5 
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the  end  of  the  shorter  periods.  Alterations  in  environment  mate- 
riully  affect  the  early  strength,  while  the  nature  of  the  cement  often 
causes  irregnlarity  in  the  strengths  for  the  earlier  periods.  This 
ii'regidarity  disappeai-s  to  a  great  extent  as  the  test  pieces  l>econie 
older,  as  is  well  illustrated  in  Tables  III  (p.  28),  IV  (p.  29),  V 
(p>  31),  and  VI  (p.  32)^  showing  the  j>ercentage  of  gain  in  str«*ngth 
of  tensile-  and  compressive- test  piece.s  of  neat  cement  and  1 :  S  stand- 
ard-sand mortar.  In  that  conne<!tion  (p.  39)  it  was  pointed  out 
that,  despite  the  many  different  strengths  at  t  days  and  the  many 
different  percentages  of  gain  to  28  and  00  days,  the  strengths  at  180 
days  showed  remarkable  uniformity.  In  comparing  the  strength  of 
mortars  it  is  desirable  to  use  the  i-esults  of  the  180 -day  tests* 

The  results  of  these  tests  seem  to  indicate  that  the  nearer  the  grad- 
ing curve  approaches  the  uniform -grade  line  the  greater  is  the 
strength.  It  is  also  apparent  that  the  strength  decreases  with  the 
increase  in  the  percentage  of  voids. 

Z?^/ji^/^^,— The  density  of  mortar  made  from  each  sand  was  deter- 
mined in  order  to  ascertain  its  relation  to  the  f>ther  physical  prop- 
erties and  to  see  if  there  is  a  relation  between  the  density  and  the 
strength  of  the  mortar.  The  density  was  determined  for  only  the 
1 : 3  mortar ;  in  subsequent  investigations  density  determinations  are 
to  be  made  for  all  proportions. 

The  method  of  inakinfr  the  density  te^t  is  a.s  follows:  After  the 
sand,  cement,  and  water  have  iKsen  w^eighed  in  the  required  propor- 
tions and  thoroughly  intermixed*  1,000  grams  of  the  mixture  are 
introduced  in  portions  of  about  50  grams  into  a  graduated  cylinder 
of  500  cubic  centimeters  capacity.  Each  layer  is  tamped  until  thti 
water  flushes  to  tlie  surface.  The  graduated  cylinder  is  weighed 
before  and  after  the  mortar  is  introduced,  the  difference  being  the 
weight  of  the  mortar.  A  reading  on  the  top  of  the  mortar  is  taken 
after  the  level  of  the  top  becomes  stationary,  generally  within  30 
minutes  after  the  mortar  is  introduced- 

The  weight  of  sand  and  cement  used  is  known  fi'om  the  amount 
introduced  into  the  cylinder.  The  absolute  vohmies  of  these  in- 
grt*dients  are  then  determined  by  their  respective  specific  gravities. 

Each  of  th&se  absolute  volumes  is  divided  by  the  recorded 
volume  of  the  mortar,  and  these  ratios  are  termed  the  '*  elementally 
volumes  "  of  cement  and  sand,  being  designated  by  ''  C  ''  for  cement 
and  "  8  "  for  sand.  The  sum  of  the  elementary  volumes  of  cement 
and  sand,  or,  using  the  suggested  notation,  '^  C+S,"  is  termed  the 
"  density/'  In  other  words,  density  as  applied  to  mortar  signifies 
the  ratio  of  the  absolute  volume  of  sand  and  cement  to  the  recorded 
volume  of  the  mortar. 

The  densities  of  1 :  3  mortar  and  the  relation  between  the  densities 
and  other  physical  properties  of  the  sands  and  mortars  are  given  in 
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Table  XTI  (p.  78).  In  column  1  are  given  the  register  numbers  of 
the  sands  used  in  the  mortars  whose  densities  are  given  in  column  2. 
The  densities  are  arranged  in  order,  with  the  largest  value  at  the 
top.  For  purposes  of  comparison  the  number  of  the  granular  metric 
analysis  curve  for  each  sand  is  given  in  column  3.  The  numbers 
start  with  No.  1  for  Sd.  15  (at  the  top  of  fig.  9,  p.  45)  and  end  with 
No.  22  for  Sd.  16  (at  the  bottom  of  fig.  13,  p.  54).  The  percentage 
of  voids,  weight  per  cubic  foot,  and  tensile,  compressive,  and  trans- 
verse strengths  of  the  corresponding  mortars  at  180  days  are  given 
in  columns  4-8.  It  will  be  observed  that  in  the  upper  part  of  the 
table,  where  the  values  of  density  are  greatest,  the  percentages  of 
voids  are  least  and  the  weights  per  cubic  foot  and  the  strengths  are 
greatest,  and  near  the  bottom  the  opposite  is  true. 

-Physical  properties  of  sands  1-22^  gravel  screenings  1-12,  and  stone 
screenings  1-25, 
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L03 


Q.42 
.39 


1.06 
2.U 
-96 
1.31 
1.39 
1.41 

3.63 


1.63 
2.61 


L£0 
1.53 


L19 


0.^ 
Trace, 
4.2 
1.4 
Tfiioe. 
.53 
L3 
1.3 
2.6 
2.1 
3.1 
4.7 

.3 
ZO 
%2 

.23 
3.4 
3.0 

.7 

1.3 

Tnce. 

Tram* 


GRAVEL  SCREENINGS. 


Gl. 

1 

GL 

2 

Gl. 

3 

Gl. 

4 

Gl. 

5 

01. 

6 

Gl. 

7 

Gl. 

8 

GL 

9 

GL  10  1 

GL 

11 

GL12| 

St.  Louis,  Mo 

Moselle,  Mo 

Columbus,  Ohio 

Loveland,  Ohio 

Carthage,  Ohio 

Ludlow,  Ky 

Chilson,  Mich 

do 

Amherstbuig,  Canada. 

Lorain,  Ohio 

Attk»,Ind 

do 


Bar 

do 

River  bar. . . 

Bank 

....do 

....do 

....do 

....do 

River  beach. 
Lake  beach.. 

Bank 

....do 


'      2.56 

115.0 
113.5 

L90 

L58 

L90 

!      2.57 

L61 

'      2.66 

102.6 

L26 

L70 

2.67 

117.1 

.68 

.72 

2.67 

115.3 

L71 

L80 

2.72 

120.8 

.95 

L02 

2.68 

iia4 

.63 

.71 

2.70 

in.  5 

L31 

L31 

2.66 

117.8 

L57 

L65 

2.68 

118.9 

.5 

.5 

2.68 

122.5 

L08 

LIO 

2.67 

120.3 

L32 

L36 

0.15 
Trace. 

L37 

2.7 
.04 

2.85 
.15 
.2 
.71 
.4 
.3 
.5 


60 


TESTS   OF    MATERIALS   OF    CEMENT    MORTARS. 


Table  VjlII. — Physical  properties  of  sands  1-22,  gravel  screenings  1-12,  and  stone 
screenings  1-25 — Continued. 


STONE  SCREENINGS. 


LoCAfion. 

SquiW  of  eupply. 

t 
1 

If 
■  U 

AbiOrptlon 
(percent). 

i 

\ 

5 

1 
1 

1 

ft 

S 

4 

h 

f 

7 

s 

Beu    % 

fit^  Loabi,  Mo 

LimpBtoDe 

.....do... 

„,„do 

^70 
2.70 
2,R7 

Zfll 
3.63 
Z61 
Z63 
3:02 
2.70 
3.64 
2:71 
2.&4 
2  84 
3.80 
2;  70 
aTO 
27S 
3.e9 
2.71 
2.72 
2.66 
2.72 
2l70 

103,  fi 
lOfl.2 

loas 
ias.s 

6S.7 
109.5 
102,7 
105.5 
108,0 

ioe.8 

10^3 
10*2 
104.3 
lOP.  5 

laao 

10&,8 
101  s 
102,5 

ia«.5 

97,4 
10(13 

flfl,7 
101.1 
llOlS 

0,04 

,m 

1  2S 
.99 
.53 
.75 

1.51 

Lm 

2.72 

.S2 
2.65 
1.33 
1.65 
J.  40 
L25 
1.12 

.32 
2.04 
1,04 
2.48 

.04 
1.90 

.01 
1.81 

0.67 
.55 

1.31 
.91  ' 
.66 
.76 

2.a5 

L«0 

%n 

L05 
2.74 
t.fi4 

1.79 

h4a 

1.28 
1,13 

.32 
2.11 
l.Dft 
3.52 

.04 
2.05 

,ia 

1.86 

490 

Se.   a 

.....diD.....>... 

5.4D 

5fl.  a 

.....do 

GlBncoe,  Mo .................... . 

SpringflpW,  Mo...... 

Joplln,  Mo. 

,....do 

.....do 

.....do,,...,, 

do 

St.  Louis,  Mo 

KflnBasCtty,  Mo„. 

at  JowpbpMo 

Kflnsft*Ctt¥,  Mo. 

1  Foffman,  Md , . . , , . . . 

Boiintiltfrrp,  Mo. . ................ 

GTftnlt^'vlllPt  Mo. ,. 

Kiitilcjikee,  m 

McCook.IU 

Coliimliua,  Ohio. ................ 

UiUsboro,  Ohio... 

Onifioflrld,  Ohio,. 

Cdspuriii,  Ohio 

J.  30 

Be.    4 

.....do 

.^ 

9e.    ^ 

do............ 

1.00 

Se,    Q 

Ch*t ....,,,-. 

T.CM) 

Sb.    7 

do 

493 

Be.    8 

.....do.... 

^00 

Be.    9 

do 

3.00 

Bp.  10 

.... .do. ........... 

4  73 

S*>.  11 

Llmpntone 

do 

10.10 
4  70 

S(j.  13 

do...... 

3.30 

Se.  14 

do.,. 

400 

Se.  15 

Cbnt 

.47 

So.  Ifi 

do. .., 

5lT2 

So.  n 

Graottct ....... 

1.40 

So.  18 
8e,  IB 

LLmeiatoFiA. 

,.,„do 

7.80 
407 

Se.  30 

Bowlder. ,......., 

3.1 

Sa.  21 
^,  23 
&!.  23 

LlmpBtorw? 

do 

do 

3.13 
1.07 
3.5 

So.  2a 

Svlvania,  Ohio.., 

Sfblpy,  Mich 

.....do.._ ,.. 

do. 

1.1 

10.3 

SANDS. 


Sd.  11 
Sd.  12 

Sd.  13 
Sd.  14 
ad,  15 


1B«.:}0 
10462 
l(ja.99 
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Table  VIII. — Physical  properties  of  sands  1-22,  gravel  screenings  1-12 y  and  stone 
screenings  1-25 — Continued. 


SANDS— Continued. 


MeMnnsd  aad  eomputfld  void** 

Percentngo  by  ^troLght  of  SOQ  gramM^ 

It  ! 

i 
1 

Exiseu. 

Retained  on  (rieve  No.  — 

6 

i 

W 

j 

1 

10, 

30, 

ao. 

40. 

fiO, 

80. 

1(». 

200. 

PS 

S 

:^ 

u 

3^ 

&* 

1 

• 

10 

11 

la 

IS 

14 

15 

36.6 

lA 

27.fi 

n 

18 

Itt 

sa 

4t 

n 

«8 

Sd.  16 

m.Tz 

0.713 

38.7 

3&.r 

11.6 

9.4 

6.S 

3.0 

as 

0.4 

0.S 

Sd.  17 

163.37 

,6« 

34.4 

34.6 

,iii 

R4 

7.h 

7.S 

113 

24  2 

35.4 

6.1 

3,8 

l.R 

Sd.  IS 

IA4.S2 

.MI 

3B.3 

340 

1.3 

4.1 

lfl,3 

10.0 

19.0 

13. « 

16.3 

4.1 

ft.n 

1.0 

ad.  i§ 

16S.25 

.736 

27.4 

26.fl 

.5 

27,1 

3(J.* 

1^4 

14.3 

7.2 

6.2  I    ,8 

.0 

.7 

Sd.  3D 

1*53.99 

.710 

2».0 

2fL0 

LO 

33.3 

afi.5 

13.9 

11,7 

7.7 

11.7 

1.0 

i.a 

1.1 

9d.  21 

163.75 

.547 

46.3 

40.B 

4,4 

1.0 

7.3 

7.6 

20.0 

43.5 

ia.0 

1.6 

.2 

.1 

Sd.  23 

162.13 

.OdB 

3S.1 

30.4 

%7 

7.33 

33,7 

14.3 

21.6 

1*.^ 

15,1 

1.7 

.6 

.1 

Aver- 

age.. 

161W 

.663 

33.S 

33.0 

1.1 

.1 

GRAVEL  SCREENINGS. 


Gl.     1 

28.0 
29.2 
38.2 
29.7 
30.7 
28.8 
32L1 
33.» 
2».0 

ms 

26.7 
37.8 

20.0 
3U0 
3S.6 
30,  ft 
29.7 
27.9 
32.  S 
34  S 

ao.7 

27.0 
36,5 
36.5 

i.'6' 

.9 

i.o" 

1,2 

L3 

1.0 
LS 
.4 
1.2 

1.0 
1.7 

1.1 

61.8 
37,8 
70.0 

aa.0 

36.6 
46.2 
9Sw5 
97.7 
99.3 
33.2 
45.3 
36.1 

lift 
14S 

6.0 
11.3 

2,3 

mi 

4S 

1.3 

.7 

18,0 

26.1 

33.1 

6.3 
7.8 
2.6 

lis 

13.9 
6.fl 

,0 

.0 

.0 

9.3 

13.7 

13.1 

7,7 

9.6 

1,6 

19.  S 

12.3 

7.S 

.0 

.0 

.0 

loa 

7.1 
140 

7.6 
13.1 

1.7 
15.9 

7  5 

ai 

:g 

.0 
143 
16 
9,6 

3.6 
13,3 

.9 
&.0 
3,0 
7,0 

.0 

:? 

147 

10.6 

0.3 

2.3 
.8 

1.6 
.4 

3,6 
.0 
.0 
.0 

1.4 
,5 

L9 

0.0 

0.S 

1.7 

1.8 

.1 

2.3 

.0 

.2 

.0 

.7 

.2 

1.0 

0.3 

GL    3 

9 

01.     3 

6.T 

Gl.     4 

1  1 

OL     6 

.1 

Gl.     6 

3  1 

Ql.     7 

.0 

01.     S 

8 

Ql.     0 

GL  10 

,0 
,3 

Gl.  11 

.8 

GL  13 

.7 

STONE  SCREENINGS. 


Be.     1 

38.5 
36.9 
37.  S 
37,4 
42.3 
32.7 
37.1 
35.2 
33.9 
32.8 
^.3 
36.0 
^.5 
36.6 
36,9 
32.7 

39,4 
37,2 
37.0 
36.0 
41.1 
33,1 

3a,  1 

34  8 
33,0 
31,8 
42.1 
35,1 
.^3 
35,  a 
37,0 
32,1 
317 

ag.o 

39.3 
35. 3 
41,0 
37,5 
38,2 
41.8 
33.8 

0.8 
1.4 

1,2 

iia 

.6 
.9 
1.0 
L2 
.9 
1.3 

.a 

0.0 
,3 

3418 
40.  ,-5 
346 
73.9 
78.4 
68.2 
47.1 
M.3 
63.6 
40.8 
0.9 
31.2 
3a4 
549 
5ti,9 
27.4 
40,7 
4R7 
23l9 
61.5 

a.  8 
444 

57.0 
87.0 
46.3 

22.5 
21.1 
12.8 
6.0 
10.1 
10.6 
246 
31.1 
18.5 
10.2 
41,3 
23.6 
33.  S 
19.0 
35.3 
342 
32.8 
17.8 

:i7,0 

7.1 
141 
31.4 
13.8 

17.0 

12.3 
10.0 
0.3 
5.3 
3.3 
3.4 
10.2 

a4 

7.8 
8,6 
13.7 
ILO 
13.7 
7.4 
5.3 
14  6 
8.7 
7.7 
13.5 
2.4 

as 

85 
6,6 
1.5 
6.8 

7.8 
T.7 
8.7 
3.0 
2.1 
2.0 
6.2 
49 
48 
6.0 
7.0 
7.4 
10 
43 
1.3 
8.4 
44 
6.6 
8.0 
1.8 
S.8 
10 
43 
.0 
48 

5.4 
5,1 
7.6 
2.3 
1.2 
1.6 
3.(5 
3,7 
3,9 
41 
7,2 
5.3 
1.8 
2.8 

.3 
5.5 
41 
3,6 
41 
1.2 
10.1 
3.4 
3.9 

.5 
3.1 

5.4 
49 
6.0 
2.2 
1.0 
1.7 
3.7 
3.8 
10 
2.6 
7.0 
6.5 
1.4 
3.8 

A 
14 
3,2 
3.6 
3,1 
1.7 
13,6 
3.0 
40 

.5 
3.6 

3,7 
2,1 
6,0 
1,5 

.0 

,8 

.0 

1.5 
1.5 
2,1 
.1,8 
1,0 
1,1 
1,4 

,0 
1,4 
1.3 
1,4 
1,3 
1,3 
9.4 
1,5 
l.l 

.0 
LG 

49 
5.6 

13.1 
46 
.9 
2.4 
1,9 
3.3 
2.6 
2,8 

IS. 5  ^ 

11.3 
46 
3,0 
.1 
1.5 
2.7 
3.1 
3.1 
42 

Ul 

3.0 

3.9 

.6 

12.3 

2  2 

So.    3 

Se.    3 

3,0 
2  0 

S«.     4 

Se.     5 

Se,     7 
Se.     8 

1,5 
1.2 

0.4 
3.8 
3.1 

a«.    9 

3.4 

8«.  10 

ee.  U 

3«.   12 

40 
1.0 
1,0 

Se.   13 
^.   14 
S«.   16 

.4 

3,6 

.s 

8e,   18 

8e.  17 

;;;;;;;; 

1.6 

3.2 

Se.   IB 

38.3 
40.0 

1.6" 

.7 

M.T 

8«.  10 
ge,  2D 

5,6 
1H.0 

B«.  21 

42.4 
37.3 
39.7 
40.4 
345 

1.4 

i.'s' 
"".'7' 
n 

.7 

15-3 

Be.  23 

/'* 

9.0 

3e.  33 

5.4 

Be.  24 
Se.  25 

2,6 
42 

Aver- 
age,. 
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TESTS   OF   MATERIALS  OF   CEMEKT   M0BTAB8. 


Table  IXo. — Tensile  strength  of  the  mortars  ofBiS  sands. 


ter 

ItAtlo  of  GcmEsnt  to 

YI«ld. 

Water 
cent). 

Tenrfle  flttiengtb  (pounds per 
stqimre  Inch). 

W»ler, 

Air, 

7 
day*. 

28 

90 

180 

3^ 

dnys. 

1:S 

LIS 

7»-lft 

71.0 

M,0 

B.9 

390 
400 
S79 

sgo 
soft 

2SS 
2^ 

296 

287 
295 
SIO 

m 

S42 

3S7 
350 

275 
302 
S12 

296 

S17 
310 
30B 

312 

3S5 
400 
380 

392 

ail 

aj2 

2J2 
218 

217 

ft33 
1^ 
490 
521 

367 

3110 
373 

327 

31G 
321 

G06 
4fiO 
476 

480 
870 

m> 

»7E 
871 

aeoi 

SG9 

420 
4S& 
450 

435 

395 
430 
419 

411 

335 

350 
3L& 

333 

567 
filO 
600 

522 

400 
43S 
417 

417 

a54 
346 
350 
350 

605 
fi30 
G30 

<ilR 

5(10 
5fiO 

542 
407 

4m 

3ii5 
393 

485 
455 

4flC» 

47S 

3S0 

400 
3S3 

SS8 

435 
400 
425 

420 

492 
490 
49t^ 

491 

417 
395 
377 

390 
392 

396 

505 
M5 
495 

515 

NX} 
N2 
510 
517 

3»0 
mi 
365 

3fi$ 

713 
738 
785 

TS5 

m& 

&44 
tU5 

660 
470 
512 

49a 

420 

416 
410  1 

415 

312 
310 
32g 

317 

297 
'.>93 
340 

310 

367 
370 

369 

275 
280 

385 
312 

300 

311 

4S0 
493 
512 

495 

402 
415 

415 

411 

400 
370 
365 

m 

760 
7lfi 

731 

fi38 
WO 
fi^ 

637 

421 
42fl 
453 

433 

377 

Avetuge,,. 

1:4, ...*....,„. 

»47 
888 

i 

79-17 

71.2 

67.0 

8.3 

333 

8d.  1,., 

1 

Average 

314 

30« 

320 

1;B  t«lft<?a) ........ 

79-2fl 

fi9.8 

«8.0 

S.9 

307 

Average  „..,.,,. 

299 

2ia 

271 

LU 

79-lfi 

71.0 

G4.0 

e,t 

316 
343 

300 

320 

1:4,, ^..„ 

79-17 
79-117 

71.2 
70.7 

67.fi 
61.4 

B.3 
S.9 

266 

9d.S... 

Avony?*',,., 

24i 
242 

272 

AVefflge,  ....***.. 

278 

271 

374 

l;El„ ,„ 

1.(19 

79-2§ 

71.0 

rjO.2 

S.9 

H'i37 

Avi?tuie«^   -.„..,, 

5«t2 
576 

566 

1:1 ..„„... 

7t^2» 

71.0 

.■^.2 

8.3 

473 

8cL3...' 

1 

A  vurmifi' , , , 

432 
446 

450 

i 
AvpTMije... ...-- 

79-28 

71.0 

^.2 

K.9 

m 

806 
814 

386 

1:3.. ,». 

1.11 

Tl.-iK 

70.7 

fri.fi 

H.9 

788 

Av^rai^i*  _....,„. 

TOT 
816 

778 

i 

( 

1:4, ..^ 

AVVTflgV ,..»,.,. 

79-Ifi 

70.7        Ki.fi 

4 

H.3 

016 
MB 
658 

640 

L;i  iFiiniHij ' 

riMS 

70.7        iy,ti 

1         i 

H.9 

456 

J\,vurn,^i^ 

470 
4S3 

460 

a  For  details  of  field  origin  of  sand  samples  see  pp.  43-62. 

«>In  tests  marked  "sifted  "  the  sand  used  was  sifted  through  No.  80  and  over  No.  40  size. 
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Table  IXo. — TengUe  strength  of  the  mortars  of  22  *atids— Continued. 


Regis* 

tUtiQ  af  cement  to 

Yield, 

Cement 

Wnter 

(per 

oenO- 

Teofllle  stin?ngth  (nonnrlsper 
square  iouhK 

No. 

Water, 

Air. 

1 

dayii. 

90 

ISO 
dayi. 

360 

day«. 

1:B.. » 

At*tb^ n.. 

lai 

?9-^ 

TO.7 

70.7 

as 

4tS 
424 
3SB 

410 

S2& 

296 
31B 

27? 
2»& 
2S5 

475 
496 

490 

43S 
423 

an 

800 
306 

311 

430 
120 
400 

417 

310 
320 
2B0 

303 
28S 
290 

aoa 

&40 
560 
635 

M5 

430 

403 
418 

414 

330 

310 
£90 
807 

47S 

fill 
f»10 

499 

871 
400 
Wl 
37S 

3-42 
SJtJ 

6^ 
607 
626 

622 

im 

MO 
627 

3S0 

422 
396 

607 
633 
MO 

627 

4tiO 
4&5 

410 

442 

428 
467 
420 

437 

«05 
64& 

mi 
^n 

633 

420 
425 
426 

i2S 

560 
Ml 
&36 

665 

475 
436 
415 

468 

4O0 
375 
406 

393 

716 
fiSO 
710 

70B 

G26 
605 
680 

604 

440 
470 
430 

447 

540 
612 
505 

619 

410 
370 
308 

398 

3^ 
39-2 
405 

888 

730 
768 
747 

746 

670 
665 
560 
5fl2 

406 
410 
426 

4li 

401 
420 
440 

420 

311 

310 
321 

2S0 
300 
2S& 

28« 

638 
629 
674 

614 

600 
610 
617 

316 
390 
3-24 

343 

672 
6.15 
582 

«03 

473 
462 

414 

370 
3S0 

391 

757 
704 
700 

720 

570 
6§fl 

578 

397 
412 

404 

444 

4  to 
392 
41S 

1:4 «.,,, 

7!>^2» 

70.7 

70.7 

8.3 

31t} 

8d,5... 

\,y^fa^           nn              1-7^ 

3G2 
334 
338 

l:a(«tftcd),.., 

T9-M 

7a7 

7a  7 

S.V 

30§ 

J^  y  tf'pAJFi^ 

324 
351 

328 

rtjs,,„ 

L!4 

79-tt 

6«.6 

T0.0 

t.& 

752 

Avemse <. 

770 
741 

7M 

l;4. ..-,....., *. 

7i-i0 

m.% 

70.0 

8.3 

660 

Sd.6.,. 

Average....*,.... 
l:3(illt^) :. 

619 
634 

638 

m.% 

7^0 

a.s 

463 

Arerai^... **.*., 

421 
410 

138 

1:3 ..,, 

LK 

7ft-42 

69.8 

04.4 

a.  9 

628 

Avew^e 

1:4................. 

6B2 
046 

635 

7^-42 

ee.s 

64.4 

«.s 

524 

Sd,  7,.. 

Av^nif* ....  1 ...  r 

522 
497 

514 

1:3  (Bifted)  ....... 

79-42 

fi«.S 

M.4 

B.9 

460 
412 

449 

4S0 

• 

flrS.. 

i,i6 

TO-18 

6^.0 

6a.o' 

8.9 
8.3 

7«J 

AT«n^.. 

1-4      .............. 

678 

mi 

689 

79-a 

68.0^ 

6a,o 

586 

8d.  ft... 

i 

Atqiv^  -. .  .j 

6^4 
639 

620 

l:B  {rifted)., 

Afengc....... 

70-40 

AS.D 

fi&O 

S.9 

427 
421 
415 

421 
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Table  IXa. — Tensile  strength  of  the  mortars  of  £2  sands — Continued. 


Sd.  9. 


Sd,  10. 


Sti.  12. 


Rfttlo  of  cement  Co 


n:Z, 


Average  > 
lA ,..., 


Avenge,, 

1:3  (^fted)  , 


A  ventf Q  _ 
/1:3,„, 


AveroiEQ.H 
l:3{alft«d)  . 

1:3 


1:4.... 


Avaffige,.. 
l;S(sUUfd)  .. 

Ayero^ . , , 
I  :51 .-„. 


Average , 
IM 


^  Average  . » » 
1:3  (B^fUHl),, 

AvenjgL^..^ 


Yield. 


Lie 


i.is 


LIS 


Cement 


79-«fi 


7»-4r» 


?*-ifi 


7V-89 


7B-38 


7tMi 


7&^6 


7!M« 


79-17 


79-47 


79^7 


TempetBtQit! 


Water.     Air, 


6fi.O 


71. S 


71.6 


71.6 


71.6 


71. « 


614 


M.4 


6iA 


mo 


70,0 


71.6 


71,  fi 


71.  e 


MA 


'  TetifiUe  rtrengtb  { imuiids  per 

(per 
cent). 


I  7 


&9 


S.3 


8.9 


«,B 


8.3 


&.» 


S.9 


100 
412 

^01 


304 
313 

291 
3f>4 
290 

4^ 
412 


&41 
325 


31§ 
BOO 

31  & 

^34 
429 
120 

428 
S53 

3,'V9 

3S4 
34Ji 

337 

40U 

4lr^ 


342 

366  ' 
34« 

26;%  ' 
267  I 
270  I 

267  I 


28  :i  90   1*0 
days.!  days.'  day?. 


£04  I  4J^1 

470  I  490 


424 
3a7 
410 

4J.2 

3H5 
370 
376 


A&O 
649 
&41 
547 


460 
400 
410 


600 
606 
600 


512 
514 
^1 

619 

463 
463 

4.'>6 

1UJ5 
605 

m> 

597 

50fi 
&04 
694 

m5 

1!20 
300 
310 


48$ 
470 
49VS 


4^  ,  49&   483 


437 
400 

42*2 

B.'il 
3d4 
352 


am 

640 


513 

517 
^23 


380  473 
390  4(iO 
440  '  462 


647 

ess" 

6&1 

506 

64^ 
&3Q 

tax 

420 
450 
461 

447 

610 
(j27 
630 

622 
600 

5e» 


370 
372 
370 


310  I  371 


422 
460 
442 

441 

3H7 
365 
376 

376 

4«e 

487 
491 

488 


410 
400 
396 

349 
372 


Tib 
737 
708 

703 
710 
708 

707 

650 
575 


60& 
591 

sm 

fiU 
601 

mo 

655 
645 

647 

405 
43& 
415 
418 


360 
daj». 


507 

53e 

52& 

4t5 
415 

4 18 


452 
421 
447 


610 

502 

506 

42a 
462 
454 

445 

405 

868 
399 


T27 
748 
730 

735 

6S0 
670 


6-21 
606 
688 


007 
811 

808 

636 

656 
6S3 

512 

486 
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Table  IXo. — Tensile  strength  of  the  mortars  of££  sands — Continned. 


ter 

So. 


Batto  of  cement  to 


Yitrld. 


Cemflnt 
Nil. 


Tempe»tiiTe 


Wat«r, 


Air, 


Wftter 
ipfif 
cent). 


Tensile  etmn^tb  {pounds  per 


1         2S        90       teO      300 
days,  d&yfl»  dnys,  dnja.  d&yEr. 


Bd.  13. 


[1:3. 


1.21 


79-SO 


ea.a 


50.0 


&« 


Av«n«Q. 
:4 


79^0 


60.8 


fiO.O 


&5 


Sd.  14. 


Sd,15. 


&d.  16 . 


AveiBgQ, 
1;3 ., 


L39 


79-62 


f^J 


ae.0 


8vg 


l:< 


7S-&2 


6ao 


Average  ^. 
l:3(Bllted}. 

Areia^ », 
/!:»_„, , 


1,1B 


Tft-fta 


T»-fill 


«e.s 


ms 


6&0 


8.9 


afl,2 


S-g 


Avemgie  . 


1:4. 


7»-63 


69.8 


ad2 


&3 


Average  , 
:3(sLfted). 

Avemge  . 
-1:1.  „-..,„ 


79-fia 


&9 


79^ 


m.1 


7fi.2 


ATerage  . 
1;4 , 


1^-H 


m.9 


75,  a 


as 


Average  - 

1:3  (sifted), 

ATemg«.. 


136-20 


54T 
2560 

54a 

431 
456 


444 


430 
415 


422 

296 
302 

31t 

314 

300 
S1& 

Sla 

250 
2&& 
231 

246 


2fi& 
240 

2^ 

48M 
461 
466 

471 

446 
420 
4&7 

441 
S70 


576 

520 

475 
492 


444 
450 
4^7 


321 
824 
3&0 


332 
345 


33& 
325 

285 
27(5 
2rj« 

273 

320 
286 

S06 

530 
510 

518 

440 
475 
481 

405 


431 
496 

403 


661 
650 

1)65 

548 

575 
5b5 

569 

425 

4'^ 
450 

43^ 

are 

365 


34S 
S46 


367 
380 


2a6 
261 


330 
330 
307 

a22 

595 
673 
676 

581 

635 
420 
B16 
496 

472 
49-'i 
62a 


6^1 
fi96 
679 


530 
538 

475 
482 
494 


796 
750 
787 


073 
B95 
706 

691 


671 
578 


m 

i79 

385 
376 
398 

408 
410 
415 

3(« 

411 

37^ 
307 
3K2 

387 
406 
415 

g7fl 

403 

343 
331 
319 

374 
370 

331 

:i77 

302 

'280 
3-25 
332 

304 

306 

315 

Ma 

321 
341 

330 

833 

Sfl3 
till 
621 

661 
610 

605 

650 

540 
551 

521 
565 
5fiO 

558 

542 

584 
571 
562 

&T2 
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Table  IXa. — Tjermle  strength  oftJu  mortars  of  99  :mndn — Continned, 


BAtlo  of  cement  to 

Yield. 

Cement 
No. 

T^^g. 

'fUtUPB 

Wftter 
(per 

Teuille  PtrpriRtii  (poiindi  pftr 

Ka 

Water. 

Air. 

7 

aS». 

90 

ISO 

Sk 

ri:3 ..„,.„,. 

U27 

TD-fia 

Ufi 

612 

a.  9 

su 

34S 
843 

2fl6 
292 
270 

^2 

308 
WOO 
330 
313 

Sfil 
364 
382 

3^ 

300 
3S7 
320 

319 

22S 
2&fi 
232 

2SS 

5S4 

51& 
fi5fr 

58£ 

492 
486 
450 

476 

265 
282 
290 

279 

420 
440 

3M 
375 
355 

371 

337 
■330 
309 

322 

sao 

345 
357 
361 

318 

817 
321 

310 

333 

347 
342 

450 
600 

4ao 

477 

4«0 
35& 
406 

387 

329 
310 
350 

330 

635 
647 
680 

654 

615 
600 
490 

rm 
m 

MO 
320 

325 

54S 
565 
656 
fifte 

498 
4A6 
499 

4S8 

347 
3^ 
398 

380 

438 

l-W 
4S6 

360 
S46 

m 

3S3 
3ft2 
360 
376 

496 
GCIfl 
MO 

514 

460 

457 
497 

in 

330 
377 
351 

703 

65e 
675 

530 
£28 

529 

376 

336 
3.'iS 

624 
673 

5» 

571 
fi35 
562 

566 

332 
S08 

sm 

360 

436 
473 
489 

466 

38« 
375 
399 

387 

341 
362 
350 
351 

£75 
540 
534 
550 

452 
4»& 

477 

471 

»76, 

S30 

M3 

550 

792 
780 
746 

773 

665 
615 

e38 

426 
388 
382 

399 

632  1 

673 

706 

670 

eio 

*44 
562 

572 
433 

4m 

436 

m 

4S5 

AyphMFOi 

474 

Ir4  ..*.,,- .,. 

7:M6 

n.« 

04.2 

8.S 

430 

&d.i7-. 

Avemge* 

406 
412 

416 

7V-66 

'  n.6 

M.2 

».§ 

?m 

396 

387 
390 

1:8 

A  V<^T1IPff              ..... 

1,  lA 

13S-6 

66.0 

TS.8 

S.1» 

542 
560 
564 

£56 

1^1. .*»^... * 

ISS^ 

6ft.O 

7i.a 

S.8 

464 

Sd,  18.. 

J^yt'fAftft 

463 
4S6 

461 

l;3(riftad) 

133-ft 

«a,o 

ms 

&t 

426 

m 

410 

jl:'A »„,,.,*„,. 

J.19 

I3a-17 

68.9 

67. 1 
67.1 

67.1 

8.9 
fi.ft 

7W 

A  v^^wf^ 

781 
842 

807 

1;4,..- ..— 

133-17 
1:^-17 

6S.i 
68.  Q 

692 

sd.  19.. 

AvCTftgc , 

liH  ifiitteA) 

700 
663 

648 
^3 

Avpnun* 

363 

1;S 

A  VPTllftlP      ■  ■  ■ 

1,16 

133^21 

6«.a 

1      7H.S 

8.9 

640 
760 
700 

TOt 

Hd.  2U.. 

1:4     -. „.,,.,... 

,__, 

133^21 

60.  i 

7ft.  8 

S.3 

666 
480 

540 

&29 

l::i  (KiitedJ  ,„. ...-J    UV23    ., 

«.. 

571 
578 
fiflft 

572 
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Table  IXa. — Ten»ile  strength  of  the  mortars  of  2^  sands — Ck)ntinued. 


ter 

R*Ho  of  e^metit  to 
Hand. 

Yf«td. 

Cement 
No. 

Tetnnemtiire 

Wftter 

(per 

c«nt). 

squi^re  Jmui), 

Wiiter. 

Air. 

7 
days. 

days. 

daye. 

lUO       SCO 
days.  daya. 

/l:8. .,**-, ..,.,, 

1.06 

139-9 

6S.Q 

era 

d,9 

285 

300 
^7 

210 

200 
^ 

aoo 

27« 
272 

277 

I8S 

20D 
1M 

217 

3^1 

3&0 
356 

^^ 

2ao 

247 

282 
311 
292 

4.'>4 
43» 
432 

442 

318 
311 

317 

307 
310 
3L& 

311 

3B0 

^7 
341 

243 
24JO 
2Sa 

290 

aoa 

391 

440 
43B 
470 
44t 

367 
dm 
S77 

B73 

3.-iR 

3t» 
361 

405        389 

Av^tn^f* 

373        307 
362        3S3 

B80         390 

1-4        . 

IS^t-S 

6S.D 

67.1 

Sh3 

W&  '      ^"^J^ 

8d.  21.. 

kv^n^f^ , , ....... 

308 
280 
296 

337 
2&4 
2fi0 

304 

4»0 
610 

4S7 

4H 
375 
3dl 
393 

375 

S7a 

3&4 
367 

275 
271 

1:3  (dftfd) .    .*.,<. 

laa-a 

ea.o 

^A 

&0 

337 

J^  VRfHJ^  r  .  1  -  T       r       .1 

320 
329 
329 

-1:8 ,...„, 

1.11 

eaa 

71.0 

IL5 

Average 

::::;! 

1:4 .-..-... 

es.o 

71.0 

11.0 

Sd.  22.. 

A¥(*Tiiyi*  .      I  .. 

1:3  (slftod) .„ 

6fl.O 

«&.o 

11. 5 

, 

Table  1X6. — Compressive  strength  of  the  mortars  of  ^2  sands. 


Regis- 
ter 
No.a 


Sd.l.. 


Sd.  2.. 


Ratio  of  cement 
to  sand.i^ 


/1:3.. 


Average . 
1:4 


Averafire. . 
1 : 3  (sifted) . 


Avera«re . 
1:3 


Average . 
1:4 


Average.. 
1:8  (sifted). 


Average . 


Yield. 


1.18 


1.12 


Cement 
No. 


79-« 


79-12 


79-21 


79-5 


79-13 


79-22 


Temperature 

(«^F.). 


Water.      Air. 


70.0 


68.0 


9.8 


70.0 


68.0 


70.7 


64.4 


60.8 


64.4 


73.4 


64.4 


Water 

(per 

cent). 


8.9 


8.3 


8.9 


8.9 


8.8 


8.9 


Compressive  strength  (pounds 
per  square  inch). 


7 
days. 


1,200 
1,250 
1,147 

1,199 


875 
852 


1,826 
1,275 
1,272 

1,291 

1,625 
1,795 
1,715 

1,712 

1,100 
1,037 
1,012 

1,060 

1,200 
1,125 
1,105 

1,143 


28 
days. 


2,200 
2,112 
2,137 

2,150 

1,875 
1.562 
1,412 

1,450 

2,077 
2,187 
2,192 

2,152 

8,212 
8,700 
3,367 

3,426 

2,025 
2,000 
2,162 

2,062 

1,900 
1.930 
1,862 

1,897 


90 
days. 


8,642 
8,476 
3,600 

3,539 

2,488 
2,313 
2,488 

2,480 

2,790 
2,570 
3,170 

2,843 

4,667 
4,630 
4,875 

4,724 

2,746 
2,500 
2,500 

2,582 

2,100 
2,545 
2,500 

2,882 


180 
days. 


8,570 
3,830 

3,677 

2,860 
2,818 
2,818 

2,826 

2,825 
3,125 
2,776 

2,908 

5,286 
6,588 
5,258 

5,360 

8,150 
8,026 


3,088 

2,615 
2,488 
2,610 

2,638 


a  For  details  of  field  origin  of  sand  samples  see  pp.  48-52. 

blA  tests  marked  '*Biftea"  all  sand  used  was  sifted  through  No.  80  and  over  No.  40  size. 


360 
days. 


4,476 
4,200 
4,150 

4,275 

3,000 
2,900 
3,200 

3,033 

3,426 
3,500 
8,350 

3,425 

5,800 
5,725 
5,650 

6,726 

3,975 
3,750 
3,600 

8,775 

8,050 
2,750 
2,925 

2,908 
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Table  1X6. — Compressive  strength  of  the  mortars  of  99  sands— Coxx^hineA. 


Regis- 
ter 
No. 


Bd,a. 


Bd>4. 


Sd,  fi. 


Ratio  of  ctsment 
to  Bund. 


l:S. 


AveiBKV. 
1:4  ...... „ 


Avemgc 

l:3((iffted). 

^    AvenMfe  . 
1:3.... 


Average. 
1:4 


Avem^e.. 
l:a  {sifted). 

AyeTBge . . 
fl:3 


Average . 
1:4  ....... 


Sd.ti,./, 


1 :3  (Flftjcd) . 


Average , . . 
i:a...., 


Jt4 


Average , . 
\:A  (sJfted). 


Yield. 


1.12 


t.I2 


Ml 


1.U 


Cement 
No. 


Toropemtiire 


7^-23 


7^23 


13A^24 


7^27 


7i-27 


13&.25 


7tMD 


79-^0 


7B-W) 


Water, 


TO.  7 


7«.8 


70,7 


71. 6 


71.6 


Ain 


71. « 


71.6 


62.6 


^.6 


71.6 


W&t^ 

(l>er 
cent). 


ft,  9 


11.6 


as 


S.A 


ia.i 


Oompiieailye  stFeivgth  (potmdft 
per  B^QBre  Inch  |« 


7 
days. 


a.  012 
l,tS7 
2,002 

2,000 

1,167 
l,aS2 
1,2^ 
1,161 


1,776 
1,676 

1,725 

6,276 
3,166 
3,226 

%,^& 

1,966 
1,836 
1,760 

1,852 


1,4&0 
1,476 

2.250 
2,300 
IMl 
2.202 

1,427 
1,412 
1,350 
1.396 

l,42f5 
1.37a 
U300 

1^367 

2,6,'i6 
2,fi75 
2,725 
2.686 

1,790 
1,656 
1,676 
1,709 


1,163 
1,220 
1,275 

1,219 


2S 
days. 


3,722 
t,760 
3,720 
3,731 

2,616 
2,625 
2,385 

2,600 

2.225 
2,600 


2,412 

6,220 
4,638 
4,975 
5,011 

2,906 
3,S25 
a,  000 
3,044 

2,700 
2,02^ 

2,5fl2 

2.ft00 
2,675 
2,613 
2,496 

K920 
2,0Q0 
2,|S6 

2,036 

1,256 
1,335 
1,373 

1,322 

3,995 
4,206 
4,0^ 

4,099 

2,460 
2,325 
2,7iB 

2,oG8 

1,720 
1,T7D 

1,7W 


90 
daya, 


4,606 
4,650 

5,  lis 
4,857 

3,470 
S,735 
3,45B 
3,519 

3,560 
3.400 
3,300 

3,417 

5,375 
6,076 
6,266 

6,  US 

4,466 
4,386 
4,530 

4,457 

4.375 
4,tiOO 


4,486 

4.363 
4,613 
1,523 

4,500 

3,215 
3,225 
3, QUO 

5, 147 

2,100 
2,225 
2,2ti0 

2,192 

3,050 
S,490 
3,1G6 

3,236 

2,650 
2,660 
2,722 

2,741 

1,565 
1,.'«5 
1,M»0 

1,550 


1^    I    360 
daya,  da}u 


5,oes 

6,676 
5,173 

5,280 

3.77S 
4,043 
3,780 

3,667 

3,300 
3,176 
2,475 


5,935 
6,275 


3,9^ 
4,335 

4,1^ 

S,713 
3,500 
3,760 

3,654 

4.925 
4,750 
4,660 

4,752 

3,60e 
3,605 
3,628 

3,614 

2,870 
2,696 
2,636 

2,701 

4,435 

3,975 
4,275 

4,225 

3,100 
3,325 
6,200 

3,206 

2,175 
2,300 
2,325 

2,267 


a,  140 

6,0« 

6,2aa 

6,1S5 

i,l35 
4.8SQ 
4,33& 

4,440 


7,835 
S,100 

8,07^ 
8,000 

5,0(50 
5,525 
6,300 

6^^ 


1,850 

1,812 
2,000 

1,887 

2,0ia 
2.068 
2,263 

2,iao 

1,846 
2.1*5 
2/250 

2,094 

4,960 
4,i^ 
5,112 

4,971 

4,ooa 


3,625 
3,913 

2,  BOO 
3,060 
2,935 
2,925 
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Table  1X6. — Oompreagive  strength  of  the  mortars  of  ££  mnd» — Contmued. 


Sd.  7, 


Sd.  §. 


BA.9, 


8<L1&. 


RAtto  of  cement 


ri:3. 


Avenues - 
1:4 


A  venf^ . . 
1:3  {^ft4?d)  . 


Avenge. 
ua .<- 


:4 ., 


Average. 
L:S(alfted} 

Avenge. 
1:8.  ——.- 


Average  *. 
l:3(sEfted). 


Average* 
1:3 


ATenge. 
1:4 


Average.. 


Average. 


Yield. 


1.^ 


l;l6 


Ll« 


i.ia 


Cement 


79>-42 


79-^ 


79-12 


79-43 


79-13 


79-13 


79^4A 


79-^ 


7»^ 


79-89 


79-39 


79-^ 


Tempemtwre 


Water.     Air. 


6&0 


m.Q 


68.  D 


&4.4 


64.4 


64.4 


6S,0 


eao 


fie.0 


69.  S 


09.8 


09.8 


G8.0 


08wO 


^0 


64v4 


614 


61.4 


644 


M.i 


67.1 


67.1 


fi7.1 


Water 
(pet- 
cent). 


8.9 


S.8 


8.9 


8.9 


8.8 


8.9 


8.9 


8.S 


Ocimpre«»1ve  strength  (potmda 
p^r  square  inch). 


7 
dttj-s. 


3,600 
IpfiTS 

1,558 

lp080 
1,153 
1,068 
1,098 

1,263 
1,168 
1,188 

1,203 

2,103 
2,  Am 
2,520 
2,444 

1.6^ 
1,600 
1,760 

1,694 

1,263 
1,266 
1,168 

1,^2 

2,280 
2,000 
2,C88 

1,400 
1,376 
1,4££3 

1,419 

600 
850 

865 

l«e2S 
1,6B8 
1,760 

l,6g7 

1,060 
1,168 
1,063 

1,092 

980 
9^ 
925 


days. 


8.B%0 
3,^L3 
3,858 

3,415 

2,200 
2,038 
2,3S8 

2,209 

2,375 
2,176 
2.288 
2,279 

6,670 
5,410 
5,388 

5,489 

8,675 
4,000 
S,918 

8,804 

1,743 
1,600 
1,738 

1,694 

3,745 
8,328 
3,410 

8.494 

2,608 
2,728 
2,600 

2,612 

1,500 
1,475 


1,483 

3/L20 
2,844) 
2,648 
2,669 

1,896 
1,945 
1,792 

1,877 

1,4^ 
1,480 
1,512 
1,467 


90 
daya. 


5,100 
4,686 
5,195 

4,950 

3,418 
3,303 
3,625 

3,449 

3,238 
2,975 
3,098 

8,102 

5,826 
6,960 
6,225 

6,  COO 

4,250 
4,100 
8,975 

4,108 

1,750 
1,675 


i,n2 

5,825 
6,2S8 


6,557 


180 
days. 


5,6aO 
5,050 
5,900 

5,733 

3,175 
3,500 
3,325 


3,325 
3.675 
3,475 

3,492 

7,6U 
7,62?> 
7,625 
7,5&| 

4.902 
5.60« 
5,068 

5,193 

2,425 

2,638 
2,484 

2,950 
2,81.'^ 
3,088 

2,934 


8,108  2,660 
3,000  '  2,282 
3,513     »,{m 

3,225     2,645 

1, 750  2, 2»S 
1,875     


2,370 
2,358 


1,812  I  2,  339 


4,426 
4,500 


4,462 

2,26;^ 
2^470 
2,2»8 

2,340 

2,288 
2,2^ 
2,418 
2,313 


4,705 
4,600 
4,012 

4,639 

2,660 
2,6l>3 
2,750 

2,689 

2,282 
2,462 


2,372 


360 
daya. 

5,60l» 
5,950 
6,475 

6,675 

4,176 
4,400 
4,376 

4,817 

4.126 
4,100 
4,050 

4,092 

7,125 
8,000 
7,076 


4.726 
4,^'h'iO 
4,400 

4,558 

3, 176 
2.950 
2,900 

3,008 

6,000 
5.9'26 
5,650 

6,860 

4,176 
4,100 
3, 876 

4,060 

3,100 
2,925 
3,000 


5,975 

5,700 
5,817 

3,800 
3,900 

3,675 
3,792 

2. 175 
2.300 
2,050 

2,176 
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TESTS   OF    MATERIALS   OF   CEMENT   MORTARS. 


Table  1X6. — Compresnve  strength  of  the  mortars  of  m  smt^ — Continued. 


ReslR- 

ter 


Bd.U, 


Sd.  12. 


£kLl^.. 


RAtlo  ol  cement 
to  Aan4. 


n:s. 


A  vera£« . 
\A 


Avenj^e.H 

Avenge . . 
fl;S 


Average. 

1:4 


Htl.  13.. 


Averaire . 


AvL'TBg?  , 


\A. 


^    AreTHge . 


Yteld. 


Average . . , 
l:3(Kifl©t1)..... 

Aven^re  *  ^  *  - 
liS 


l.'Jl 


Avi^raifi;.., 


Cement 


79^40 


TMiO 


7&-47 


7W-47 


79-17 


79-fiO 


7^^&0 


71MS2 


7&-sa 


Tempemtun^ 


Water.     Air. 


e«.o 


fla.0 


eg.s 


e».a 


M.4 


64.4 


64.4 


62.6 


69,8        flfliO 


e».a '     W.O 


6H.^ 


6^.9 


««.2 


*iS.2 


Water 

(per 
cent)- 


S.9 


8.S 


S.9 


8.9 


a.3 


J^» 


8,S 


8.9 


Comprewilve  utrength  ( pounds 
per  squATie  mch ). 


d&VB.    days. 


3,213 
2,0»4 

2,113 
1>9BS 
2,000 

2,034 

i.oia 

IpMS 

2,5G0 

3,2fiS 
1480 

1,876 
1.786 
2,000 

1,260 
1,200 
1,2G0 

1/237 

3,2CO 
3J3S 
3,]S8 

3,175 

2,ll«« 
3,nOQ 
2,700 

2,B6a 


5,336 
5,208 

5,289 

3,635 
4.015 
3,583 

3,811 

2,33fi 
2,19«^ 


2,266 

4,2^^ 
4,240 


4,246 

2,750 
2.973 

2,796 

2,S88 

1,500 
1,550 
1,525 

1,5^ 

5,«33 
6,576 
6,53^ 

5,582 

4,348 
4, 70S 
4,2.10 
4,435 


1,675  3,188 
1,938  .  3,138 
3,150 

1,90S  '  3,159 

\,V^  1,900 
1,413  ^0*« 
1,3^      1,830 

1,^71     1,939 

1.3W  '  1,9^S 
1.4M  \,m, 
1,  175  't,^lh 
l,44lt  I  1,9G9 


daye^ 


5,Sfl3 
5.050 
5,563 


4,450 
4,038 
4,876 


3,238 


S,128 
3,183 

6,436 
6,0^ 
«,213 
6,246 

3,*76 
4,386 
3,tl76 


1,«76 
2,096 

2,000 

5,637 
6,375 
^685 
5,899 

4,136 
4,737 
4,4^ 

4,432 

3,7(18 
a,  425 
3, 475 

3,^'J30 

2,(^10 
2,875 


2,7*3 

2,076 
^,ti3» 

2,H3 


180 
dayiL 


6,060 
5,  I2'» 

5,025 

5,067 

5,000 
5,200 
4.550 
4,917 

2;  225 

1,S75 
1,800 

1,9^7 


6,000 
6,250 

6,125 

a,  no 

3,825 

860 
1,100 

1,100 

1,017 

7,500 
7.000 
7,0(50 

7.18S 

5,650 
5.550 
&,SfT6 

5,492 

4,3<'iO 
3,850 
4,025 

4,075 


days. 


5»9ffi 

5,460 
5,600 

6.«6i 

4,700 
4,975 

4,{«Q 

4,825 

S.200 
2.97S 

3,076 

S.08i 

6,600 
6,800 
6,076 

6. 792 

4.460 

4,fl» 
4.^9 

4,300 

2,750 
2,812 
2, 026 

2,829 

6,776 
6,550 
6,8SI7 

6,731 

4,126 
4,376 
4,42S 

4,306 

4,000 
3,800 
4.062 

3,954 


2,725  3,200 

2,250  3,300 

^,575  3,250 

2,4,50  3.^ 

5,0T5  2,900 
3,000  2,900 
2,750  :  3,000 
2,»42  I  2,933 
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Table  1X6. — Compressive  gtrength  of  the  mortars  of  22  sands — Continued. 


Regis- 
ter 
No. 


Ratio  of  cement 
to  Band. 


Yield. 


Cement 
No. 


Temperature 


Water.     Air. 


Water 

(per 

cent) . 


Clompreasive strength  (pounds 
per  square  inch) . 


7  28 

days.    days. 


90 
days. 


180 
days.  days. 


fl:3. 


8d.  15.. 


1.18 


79-63 


69.8 


68.0 


Average . 
1:4 


79-63 


69.8 


68.0 


Average . . 

1:8  (silted). 


79-63 


69.8 


68.0 


'^   Average. 
fl:3 


Sd.  16.. 


1.20 


7^-64 


69.8 


65.3 


Average. 
1:4 


79-54 


69.8 


65.8 


Average.. 
1:8  (sifted). 


136-20 


8d.  17. 


Sd.  18. 


'    Average. 
1:8 


1.27 


79-56 


71.6 


67.1 


Average . 
1:4 


79-66 


71.6 


67.1 


Average. 
1:3  (sifted). 

'   Average . 
1:8 


79-66 


71.6 


67.1 


1.15 


133-6 


Average . 
1:4 


138-6 


67.1 


68.0 


Average . . 
1 :3  (sifted) . 

>    Average . . 


188-6 


67.1 


68.0 


8.9 


8.8 


8.9 


8.9 


8.3 


8.9 


8.9 


8.3 


8.9 


1,243 
1,263 
1,280 

1,262 

996 
908 
958 

964 

1,150 
1,108 
1,070 

1,109 

8,026 
3,375 
3,286 

3.228 

2,38S 
2,440 
2,800 

2.376 

2,226 
2,200 
2,225 

2,217 

1,940 
1,850 
1,933 

1,908 

1,345 
1,388 
1,280 

1,321 

1.408 
1,348 
1,363 

1,378 
1,513 


1,613 
1,563 

1.336 
1,880 
1,275 

1,330 

1,158 
1,175 
1,113 

1,149 


2,012 
2,000 
2,087 

2,038 

1.500 
1,488 
1,675 

1,654 

2,026 
2,088 
1,800 

1,971 

6.062 
5.975 
6.638 

5,526 

8,750 
4,250 


4,000 

3.475 
2,900 
3,376 

8,250 

4,226 
8,756 
3,876 

8,952 

2,625 
2,562 
2,660 

2,612 

2,610 
2,600 
2,538 

2,588 

8.950 
4,076 


4,012 


2,000 
2,075 


1.960 
2,008 
2,000 


2,800 
2,675 
2,625 

2,633 

1,875 
1.725 
1,900 


2,200 
2.050 
1.950 

2,067 

7,225 
7,150 
6,950 

7,108 

4,376 
4,750 
4,726 

4,617 

8,518 
8,025 
3,725 

8,421 

4,700 
4,476 
5,060 

4,742 

3,275 
3,476 
3,250 


1,569 


3,275 
3,060 
3,000 

3,108 

3,800 
8,150 
4,050 

3,667 

3,225 
3,000 
2,975 

3,067 

2,060 
2.350 
2,300 

2,233 


2,750 
2,687 
2,760 

2,729 

1,950 
1,925 
2,000 

1,958 

2,000 
2,050 
2.062 

2,037 

6,750 
6,625 
6,862 

6,742 

4,787 
4,676 
4,800 

4,764 


4.887 
4.725 
4,687 

4,766 

3,426 
3,500 
3,612 

3,612 

3,400 
3.412 
8,600 

3,471 

4.425 
4,550 
4,460 

4,475 

3, 175 
3,100 
3,150 

3,142 

2,725 
2.660 
2,650 

2,676 
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TESTS   OF   MATERIALS   OF    CEMENT   MORTARS. 


Tablb  1X6. — Compressive  strength  of  the  mortars  of  22  fa»d*— Continued. 


No. 


B(Lli. 


Bd.30. 


Sd,  2U. 


fid.  2^. 


Ratio  of  oenient 


i:S- 


A?efBg« ,  „ . . 
1:4 


Average « 

t:3{  lifted). 

\   Average . 
\\% 


ATenge . 
1:4 


ATomge . . 

AveiHge . . 
fl:3 


VA 


Avemire  * 


Avcngti. 
1:4 


ATeragc . . 
Averse . . 


Tempeniture 


Yie)d, 


Lift 


l.OA 


Cement 
Nt). 


mpeniti 


I  Water. 


138-17 


138-17 


L*i5--Jti 


138-31 


138-21 


iBi^za 


iss-s 


13S-3 


ISM 


08l« 


es.0 


ms 


ee.fl 


60.  S 


7S.S 


63;.& 


6a.5 


71.0 


fiH.O 


Air. 


n.o 


77.0 


71.fi 


73.4 


73.4 


72.5 


74.0 


74.0 


7J.0 


ms 


68.0 


Water 

(peT 
cent]. 


8,9 


8.8 


11.0 


«.a 


8.9 


8.9 


8.3 


8.9 


11.5 


J1.0 


(kS 


n..'* 


Comprefvdvo  em?tigth  fpmmdn 
pQT  ftquare  Inch), 


7  28 

dAya.    d&js. 


4,47S 
4,138 
4,  LIS 

4,247 

2,320 
2.404 

2.1Z'i 

1,875 

S,44S 

3,70a 
3,670 

2,025 
2,2&H 
2.000 

2,0»3 

1,450 
1,4^ 
1,600 
1,45S 

i.ecio 

1,600 
1,54& 
1,54H 


1,065 


l.OTl 

l.OJO 
1,01E> 
3,093 

1,043 

2.376 

2,32fi 
2,317 

1,37fi 
U37f> 
1,32& 

l,a58 

l,42fi 
1,400 
1,425 

1,417 


8,0^ 
5,426 
B.7W 

5,fi00 

2.825 
3J10 
2.760 
2,895 

2.376 
2,400 
2.4211 

2,400 

5,218 
5,140 
5,148 
5,1^ 

3,200 
3,aii« 
3,013 
3,157 

2,400 
2.300 
2,560 

2,417 

2,353 
2,145 
2,260 

2.249 

1,300 
1,210 
t,2Q3 


l,6d3 
1,660 

1,635 

4,075 
4,175 
1,050 

4,100 

2,460 
2,3ftO 
2,376 
2,396 

2,760 
2,700 
2,ii50 

2,700 


90 
duys. 


1^325 

5,100 
5.700 

5,708 

6,676 
4,225 
3.775 
4,558 

2.660 
2.476 

2,612 

5.160 
4,800 
6,S75 
5,IOi 

3,676 
3,550 
4.060 

3,726 

3,660 
3,525 
3.376 

3,517 


IW        3«0 


0,525 

6,576 
7,050 

a»7l9 

5,350 
4.950 
5,250 

6.1SS 

3,900 
3,488 
3,475 

3,«21 

S.SQO 
6.500 
G.SOO 

6,300 

4,736 
5,050 
5,500 

6,092 

3.660 
3, 1550 
3.375 


1,9a)  I  2,550 


2,e!aj 

2.600 
2,733 

l,7fl2 
1,»15 


1,863 

1,900 
3,670 
3,912 
1,827 

6,625 
5.650 
\^^ 
6.670 

3,626 
3,000 
^,812 
3,7W 

3,400 
3,450 


3.000 
3,325 
2,S92 

1,A25 
3,860 
2,250 
1,^76 

2,175 
2.325 
2,400 

2,300 

6.125 
4.  BOD 
4,850 

4,^8 

a.aoo 

3,  t>76 
3.550 

3,«oe 

3,550 
3,500 
3,^5 
3,575 


T,90D 
5.409 
6,flfi0 

7,750 

4,950 

4,:t00 
5>260 
4.800 


5.450 
7.0^25 
7^000 


5,209 
4,«00 
4,550 

4,360 


3,300 

3t8l3V 
8,125 


2,350 
2,2fiQ 
2,500 

2,367 

2,625 
2,662 
2,650 

2,579 
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Tablb  IXc. — Transverse  strength  of  the  nu/rtarH  of  i^^  sands. 


Sd.  1. 


Sd.  I. 


Sd.  5. 


Ratio  of  cetnent 

to  AUld,  fr 


1:^. 


AvtiTuge- 
1:1 


Sd.  2,,^ 


Sd.  3,-. 


l:3fidfled)  . 

Average,. 
l;l 


1:3  .»>.... 


l:^  , 


Averugit. 


Average . 
1:3 


Average. 
1:4 


Yl«]d. 


LU 


t:4.,. 


CSemeikt 


l;a-S7 


1S»-3H 


l^Sr^ 


138^2 


l»6-« 


1M(M< 


AV«I«KL-,.,... 

l:x,.,.. ..'    l.U     lafi-io 


Tempt^ralii™ 


W*tf?r.     Air. 


m7 


71.  fi 


7L6 


I       I 


136^1 t 


U,2 


Tmnwverw  Ktrt^u^h  (poumlj*  per 
mi''  ' 


Wn(er  I 

eetit). 

I 


square  mi'h). 


1.11  I    i:^«-12 

I        ! 

i  ' 


136-1  :< 


I  I 


7 
days* 


&» 


S.J1 


8.!» 


a.lJ 


S.3 


8.3 


Average 

n  For  detail!)  of  field  ori^n  of  sand  samples  see  pp.  43-52. 
t>In  tests  marked  "sifted"  all  sand  used  wan  silted  throu 


1^76 


MI 

mi 

468 
ii04 

492 
450 

474 
64S 
006 


:i04 
414 

432 

4fiO 
4iO 
3;J4 


T20 
084 


C(22 
540 
622 

sas 

G84 


676 
612 
594 

594 

504 
450 
540 
498 


28 
dAjT. 

7B2 
774 
774 

•mo 
mi 


64» 
HIS 

■■vw 

810 
73« 

79S 


IM    I   3tVI 
dajm,    days,   rfayw. 


eA4 
756 


1,116  I  1,IM4 

l.00§  Mli> 

1,04^1  KUGLl 

U056  L074 


lh*i        91S  1 

594  '.„..„ 


Ttli 


mi 

56S 
504 
702 

918 
R28 
WO 

882 

630 

702 
&'i4 

1,000 
l^lie 

i,ne 

864 

no 


7.-16 
738 
756 


558 
576 
540 


012 

IJIM 

1^1 

648 

m 

S28 
S64 

HIO 
7ff2 

tm 

858 

HIO 

CM 
702 

ST* 

UOCI^ 

720 

UUOK 
l,04i 

6H4 

900 

l,OUM 

m , 

612 

828 
756 

m 

4WS 

6^ 

im 

432 

576 
6M4 
73a 

791 

mi 

702 

Hfrl 
N64 

uoe 

780 

^.^ 

1,116 
1,224 
1.224 

1, 134 
1/224 
1.188 

1,I8» 

1,]S2 

,-*,, 

M6 

1,116 
1,170 
1.116 

.«•._-* 

«m 

1.134 

i,ao8 

1,^6 

1,206 
1,24a 
1.224 

1,^14 

1,224 

1.098 
1,162 

1.224 
J. 188 
1,296 

*'*"' 
""'"" 

1,098 

1,236 

990 
1,080 
1,098 

972 

1,044 

936 



1,056 

984 

738 
648 
684 

846 
861 

690 

855 

UKh  No.  30  and  over  No.  40  size. 


lOTlO—BulI.  331- 
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TESTS   OF    MATERIALS   OF    CEMENT    MORTARS. 


Table  IXc. — Tramn^erse  strength  of  the  mortars  of  2B  sands — Continued. 


Regis- 
ter 
No. 


S^(i.  0. 


Ratio  of  cement 
to  sand. 


Sd.  6. . . 


Average . 
1:4 


Sd.  7... 


Average . . 
1:3  (sifted)  . 

Average . . 
1  :3 


Average . 
:4 


Average . . 
1:3  (sifted)  . 

Average.. 
1:3 


Average . 


A  verage  . 
1::^  (sifted). 

I      Average . 
'  1:3 


Average  . 


A  verage . 
l:3(sifttHl). 


Yield. 


Cement. 
No. 


1.16 


Temperature 

(°F.). 


131-12 


Water.      Air. 


74.3 


75. 2 


i:j4-13 


134-15 


134-16 


134-17 


134-18 


75.2 


77.0 


77.0 


77.0 


77.0 


134-19         7H.8 


1.16  I     134-20         75.; 


131-21         77.0 


74.6 


76.1 


Water 

(per 

cent). 


80.6 


80.6 


75.2 


75.2 


70.7 


82.4 


Average. 


8.9 


8.9 


8.9 


8.9 


8.9 


Transverse  strength  (pounds  per 
squareinch). 


days. 


73.4  8.9 


77.0  8.3  I 


73.  I  H. 9 


774 
936 
792 

834 

576 
666 
576 


576 
504 
540 

540 

648 
720 
792 

720 

540 
842 


441 
486 


474 

576 
594 
432 

534 

4G8 
468 
414 


486 
468 
504 


684 
684 
702 


648 
540 


576 
552 


28 
days. 


864 
1,044 

930 


864 
756 


90         180        360 
days.  '  days.  |  days. 


1,1S8  I  1,512 
1,152  I  1,566 
1,206     1,368 


1,182 


972 

864 

924 


828 
756 
720        810 

612  !      798 

990  1,098 
954  1,044 
-...-!  1,206 

972     1,116 


720 
702 
738 

720 


918 
990 

882 

930 


576        864 
'  1,060 

612  I      954 


594  ! 


966 


1,134  1,044 

1,206  .  1,170 

1,026  1,080 

1,122  1,098 

1.008  1,026 

792  i  1,062 

810  918 

870  !  1,002 

fr48  j  ?20 

576  792 

612  810 


612 


774 


720  '   918 
792  1,062 
972 


702 
738 

612 
612 
630 


fil2 
612 


984 

792 
846 
756 


1,482 

1,044 

1,116 

990 

l,a50 


558 
756 

648 

1,098 

972 

1,044 

1,038 


1,026 
918 

960 

846 
972 


1,260 
1,296 
1,206 

1,254 

1,224 
1,116 
1,170 

1,170 

756 
864 
774 

798 

882 
972 
846 

900 

864 
846 


882 


612  684 
702  702 
828  '   684 


1,476 
1,458 
1,422 

1,452 

1,134 
1,152 
1.206 

1,164 

738 
828 
792 

786 

1,206 
1,278 
1,260 

1,148 

972 
918 
972 

954 

918 
936 
828 


1,296 
1,296 


954 
9?2 
972 

966 

630 
648 
648 

642 


1,008 
900 

966 

738 
702 
684 

708 

756 
684 
756 

732 
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Table  IXc. — Transverse  strength  of  the  mortars  of  22  sands — ContiQued. 


ter 


Ratio  of  cement 
to  sand. 


Sd.  Hw 


64.1^, 


S^.  ]l. 


Sd  15. 


t:3. 


Averagi; , 
1:4.... 


Yteltl, 


l.lfl 


Cefaent 
Ho. 


13&-4 


Bd.  13.. 


Av^nigCi 
I:S, 


Avcra^. 
;4. 


Avenge. 
:8 


AvcfngQ , 
IN. 


t:S<BiftadK 
l:B. 


l;4, ..-...„ 


Lli       I3ft-ti 


iafi-7 


1,21 


Lm 


1B6^ 


125^ 


I35-H 


lac^^ 


tsi^fi 


l:3{Bift«d}.,.... t8.V15 


AT^fiige. 


1:4 * 


Avenge . . 

Avemge,. 


LIS  '   iaA-i« 


Temperature 


Water.     Atr, 


m« 


ms 


ms 


7».« 


7&S 


m« 


7S.g 


S±4 


BO.  6 


77-0 


7«,B 


SO.  5 


77.0 


S1.2 


B4.2 


SL4 


BO.  6 


«L4 


«0.« 


11&-19 


IS5-1T 


77.0 


B«.0 


Water 

(per 
(*e[it^ 


S.» 


R.a 


a.  3 


8.9 


8.S 


^3 


g.3 


£I.D 


TransverM  iTrenffth  (pounds  per 
si|llarf»  Inch}. 


7 

2fi 
days. 

90  ; 

duVH. 

V6i 
774 
73ft 

1.152 
MU4 
l.llB 

I,2fl0 

792 

1>1(M 

1,260 

ft68 
Sf£L 

1,008 

1,008 

SL8 

1^242 
1,020 
1,188 

540 

078 

I^IW 

64S 
900 
tsIO 

051 

1,008 
^2 

1,368 
1,368 
1,224 

786 

»48 

1,320 

m2 

5ftt 

900 

1,134 
1,098 
1,008 

583 

924 

l,C^ 

792 
8&1 

900 
918 

i,aoe 

1.080 
1,098 

840 

im 

1,128 

5&8 

918 

1,206 
1,440 
1,332 

W4 

963 

3,326 

558 
612 

9U0 
720 
936 

990 
1,116 
l,fti2 

f)95 

852 

1,056 

em 

720 

7a2 

1,206 
1,062 
1.116 

699 

738 

],12S 

5W 
576 

aao 

666 
702 
612 

972 
918 
918 

eoo 

660 

936 

frl8 

75e 
66e 

•m 

720 
756 

1,026 
918 
900 

390 

744 

948 

S96 
504 
4JB6 

&76 
5S8 
t»30 

9W 
Pfl4 
900 

4fi2 

588 

906 

SSO 
288 

504 
450 

396 
486 
3^ 

m 

474 

414 

522 
486 
450 

630 
612 

594 
612 

4S6 

612 

564  1 

im     I    360 
davH^  I  duya* 

1,188  I  

1,296  L 

ipSaa  ' 

1,272  1. 

1,311  L.,._. 

],3K8    

1,314   „,._. 

1,332    ..-.>. 

1.350    

1,4(M  '„„„ 
1,386   

1,380   .„_-- 

1.008  llll'^l 

936  !.__,-, 

936  I 

1.224  I , 

1,350    ...... 

1,314  L...-. 

J,  152 
1,224 
1,242 

1,206 


918 
072 
936 

»42 

1,002 

1,0^ 

990 

1.044 

000 
936 
&i6 

894 

1,044 
t,OON 
1,026 
1^026 

738 
702 
936 

7W 

756 
766 
720 

744 

&J0 
684  5 
612 

612  1 
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Table  IXc. — Transverse  strength  of  the  mortars  of  ££  sands — Continued. 


ter 
No. 

Ratio  of  c«ment 
tomnd. 

Yield. 

Cement 
No, 

Terapemturii 

Water 

(per 

cent). 

Tmnsn  iL'rf«?  fltr<?n^li  (pounds  per 

Water. 

Air. 

7 

38 

daya. 

day*. 

m 

dayii. 

ma 

1:3 .,,.,., 

i,ao 

136-22 

78. 8 

m5 

882 

ur, 

702 
774 
8tH 

780 

774 
676 

726 
522 

468 

m 

432 
396 

4J2 

468 

ff78 
402 

671 

:-m 

396 
3W 
398 

397 

396 
414 
423 

411 

1,060 
1,1,^2 
1J34 
lHi22 

1*(H4 
990 

864 
804 
894 

882 
828 
884 

m 

756 

708 

812 

594 
024 

1,(M4 

ora 

j 

■      ^Vt-.TSt^f.  .     . 

l,20fi     1,008 
1,242         97-i 

1,IG4         Q!^ 

1:4 

lafi^l 

864 

1,044 

M.l€u. 

A  Vt»FH^ 

I.IW 
1.082 

1,0C» 
1,044 

9B5 
810 

urn 

868 

828 

7W 
HO 

766 
720 
755 

744 

1,036   

h(m  1 

1,0*4    ...,,, 

l;3  (rifted}, .„.. 

13&-OT 

77,0 

73,4 

8.3 

864      

^    Areiage 

1 
804  ;..„„ 

1:3,.. 

UM7 

13»M 

n.9 

7eLl 

8.9 

B 

990    

972  1 

1,044  '„„„ 

i.ooa  1 

j 

1;4„ 

l3fr-3 

7S,>^  :      80.6 

8.3 

972 
972 
B61 

906 

K» 

900 

1,026 

91S 

^n 

1,080 
922 

1,00« 

846 
900 
864 

1 
Sd.  J7„| 

J 

Avi^ni^*j , 

i 

l:3(KlIt«d),.... 

iae-2 

80.6 

SLA 

8.9 

na.„,. ., 

Avi?nufii  ±  J  J  J  LI 

Kll 

" 

m 

11.6 

882     1,044 
695     1,008 
855  1  1,017 

891    i,oza 

S12         810 
665  !      i$&4 

630  1      SHZ 

636        852 

ri          .,  *  * 

71 

68 

11.0 

M.  Ea.. 

AveniK*J 

-*^*^* 

1  •  3  (sifted ) 

65 

rw 

11.5 

1 
630  ,      882        774 

Avertigt.' 

648        964        810  1 

621         864        882' 

623         900         8*22  ! 

1 
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Table  X. — Chemical  analyses  of  silt  contained  in  17  mndSy  in  11  gravel  screenings^  and  in 

£4  stone  screenings 
[Values  expressed  in  percentages.] 
SILT  CONTAINED  IN  SANDS.a 


BtUca 

AIU' 

mipa 

(AliOi). 

zi 

Llmo 
(CaO). 

li 

Alkalies. 

1      1 

Ignition  lotm* 

Re|ri9terNn> 

KM). 

KiO. 

Tot*iL 

fid  1       .     .  .... 

69. 7S 
46.4ti 

muo 

27. 9» 
SI.  18 

a&« 

37.40 
7.  IS 
Ei.&4 
39,62 
&7.3C» 
47.78 

^76 
4t.74 
42, 4(} 

9L9Z 
lU.titi 
5.80 
8.90 
6.20 
5.99 
14.6$ 
6.77 
l..'i6 
1.6» 
10. 5« 

s.oa 

5.OT 
lifiS 
8.63 
7.10 
&12 

S.12 
6.14 
4.17 
1,36 
4.M 

1.27 
T.99 

.m 

.47 
a.  87 

.71 
^,27 
5.18 
8,22 
7.flO 
$.00 

0.31 
.17 

.11 

.18 
.20 
.2S 
.59 
.54 
.11 
1.30 
.18 
.47 
.20 
.74 
.(il 
.50 

4.32 
12,28 
18.06 

ms8 

18.^ 
17.  &1 
16.64 
13,82 
27.79 
28.56 
17,06 
12.ft3 
15,76 
7.tlO 
12.50 
H.5§ 
12.78 

2.13 
5.A2 

n.3e 

1L30 
10.82 
10,96 
9.97 
7.99 
18.74 
18.43 
4.66 
4.58 
1,96 
3.04 
7.02 
6.15 
6.82 

.flO 
*10 
,23 
.17 

.10 
*10 
.&9 

:  0.72 
.OS 

.37 
1.04 

.70 
1.6S 

.32 
1.76 

1.51 
1.60  1 
.82 

l,«-2 
.90 
1.76 

.71 
.44 
1.36 
.41 
h06 
2.19 
1.30 
1.7* 
1.6« 

0*74 
.56 
*&0 
.06 
.67 
.14 
-79 
,61 
.04 
.08 
,14 
.26 
,2B 
.09 
,73 
.76 
,74 

70,6 

a.ffi 

Sd.S., 

Sd.J ,.. 

m23  ,    2.00 
28.04         .26 

8d.  8  ............ 

27.  yo 

25.83 
56.75 
25.51 
21.70 

21.46 
16.27 
19.79 
10.31 
17.99 
19.04 

.73 

Sd.7.. 

Sd,  8  .  .  .  .*..., 

.71 
.55 

Sd.fl 

.81 

9d,  la,.... 

.53 

gd  11 

.37 

Sd  12*,*..     .*** 

.10 

.BO 

.23 

Sd. 13 

Sd,l4,  ,..*....** 

sd.ie. 

sd,n.„„. 

8d.  IS 

Sd,  19 „ 

sd.ao 

.17 
.09 
.14 
.03 
.12 
.13 
.16 

.87 
1.04 
.03 
,19 
.71 

1,46 
.81 
.96 

SILT  CONTAINED  IN  GRAVEL  SCREENINGS.*? 


Gl.K 

01.3. 
Gl,4* 
G1.6. 
Gl,6, 

G1.7. 
G1.8, 
Gl.9. 
GL 10 

Gi.n 

Gl.  12 


51.90 

9.10 

2.04 

0.30 

11.56 

1.96 

0,17 

1,51 

O.M 

1.61 

1 
18.95  ' 

24.80 

8,88 

.9*1 

.n 

23.70 

8.96 

*04 

.M 

1.22 

.51 

29.87 

30.66 

11,20 

1.38 

.74 

18.66 

9.13 

.05 

.55 

1.53 

.38 

26.04 

28.78 

7. 98 

3.94 

.46 

20.68 

9.07 

.09 

,67 

1.61 

.58 

26.-20 

43  90 

9.77 

3,35 

.14 

13.30 

6.22 

,03 

.17 

2.04 

.57 

20.57 

29.24 

6.16 

A.OA 

.71 

:23.16 

8.14 

.17 

.46 

.90 

.4tt 

27., ^9 

27.30 

8.75 

1.61 

.82 

22.24 

7.85 

,35 

.83 

1.12 

.42 

28.58 

28.04 

ft.  24 

3.86 

.22 

25,  2» 

6,02 

*14 

.41 

.78 

,51 

29.59 

53.56 

17.74 

1.46 

.37 

8.36 

3.42 

.22 

.59 

1.91 

,52 

12.22 

S9.40 

11.37 

3.^ 

.40 

15.32 

6.43 

.09 

,20 

2.15 

.52 

20.44 

41.68 

12*02 

4.09 

.66 

H.aO 

G.'2Q 

.06 

.f^ 

l.W 

.fkl 

18.09 

1/4.09 

[lAl 

l.m 

.67 
1.81 

.77 
1.15 
2.11 
1.67 

,88 
1.11 


SILT  CONTAINED  IN  STONE  SCREENINGS.d 

Be.  !• 

32.56 

19.89 

7.20 

6.06 

13.40 

50.02 

44.40 

47.58 

4«.64 

20.84 

7.16 

24.92 

9.02 

2&,72 

12.08 

«fi.9D 

25i^ 

15.68 

14,38 

16.33 

7.66 

17.14 

10.18 

13.12 

2.66 
8.40 
1.^5 
.22 
2.60 
7.60 
3.91 
.69 
.96 
6.51 
3,40 
8.79 
3,10 
8.96 
6.92 
16.94 
7.11 
4.61 
3.31 
6.19 
1.43 
4.04 
3.01 
2.70 

Z97 

.62 

.*'J6 

1.36 

.71 

.81 

3.82 

1.97 

2.27 

1.71 

Z70 

4.41 

3.42 

3.50 

4.12 

2,72 

1.36 

.91 

2.06 

1.73 

1.S6 

4.04 

.40 

1*94 

0^37' 

".m 

.51 
.87 

..^ 

1.24 

1.34 

1.10 

,74 

1.34 

.14 

.22 

.4.^ 

,^ 

.40 

.31 

.43 

.36 

.48 

35.53 
36.88 
47.50 
47.60 
45.48 
10. 1 4 
22.53 
20,00 
16. 52 
28.49 
46.08 
31.13 
45.  (K) 
lf^.2& 
24. 33 
2.46 
18.58 
22.21 
28.00 
26. 24 
28.00 
35.  SO 
29.18 
39.22 

3.66 
1.81 
1.42 
3.70 
.47 

5.n 

1.82 

4.23 

5.73 

6.71 

1.28 

.17 

.U 

8.36 

12.98 

.52 

IS.  92 

17,  O") 

13.  41 

13.04 

17.99 

4.21 

14.53 

4.87 

1.85 
.56 
.12 

1,01 
.19 
,14 

3.52 
*12 
.12 
.99 
.12 
.07 
,14 

3.74 

1.07 
.15 
.16 
.24 
.22 
.20 

.m 

.46' 
.03 
.15 

28.60 
34.04 
39.62 
43.30 
36.01 

16.  3:^ 
17.82 
19.57 

17.  83 
30.45 
37,66 
24.48 
36.51 
24,^ 
32.38 

3.08 
29.91 

0.29 

Se.  2          .  , 

Se.  3... 

Be   4              *  ,, 

0.44 

"V24" 
.30 

0.20 

V40' 
.6.5 

0.70 

.29 
.^16 

.S4 

Be,  0..*.. 

.21 

8e.  7/  .. 

Se.  8(7.  *..,...,. 

.ft4 

.27 

9e.  9ft,. ..,, 

.14 
.07 
.87 
.17 
.46 
.58 
.4-2 
,54 
4,70 
1.86 
.03 
.07 
.10 
,    .08 
.16 
.86 
.32 

.40 

.15 

l.:^6 

.06 

5.17 

1.47 

2.99 

1.12 

l.ei7 

.88 

.30 

.35 

.49 

l.ll 

.50 

,V1 
.13 
.47 
.38 

.m 

.31 

.51 
,12 
.04 
.19 
,25 
.35 
,18 
.20 

.30 

Se    10'    ........ 

m 

Se*  n 

Se    12         ..*.*. 

.31 
.17 

Se.  13 *.-... 

,211 

Se.  U  ..,,... 

.16 

8e*  15 ,        

1,11 

Se.  10 

.25 

Se  17         *.*.-* 

.27 

Se.  18....... 

.20 

Be.  19J,, 

.11 
.60 

Se,  21 *,,.. 

.26 
.33 

Se.  23 

ge  24      -  .. 

.34 
.51 

Be.  25,,*, 

.51 

a  Not  enough  silt  present  in  sands  2,  21,  and  22 
for  analysis,  and  no  chemical  analysis  was  made 
of  silt  in  sands  5  and  15. 

b  For  details  of  field  origin  of  samples  see  pp. 
43^52  as  to  sands,  pp.  80-86  as  to  gravels,  and  pp. 
93-106  as  to  stone  screenings. 

c  Not  enough  silt  present  in  gravel  2  for  analysis. 

d  No  chemical  analysis  of  silt  in  9e.  6  was  made, 
as  only  a  trace  was  present. 


«  Undetermined,  1.87. 
/FeS,,  3.65;  ZnS,  3.79. 
g  Undetermined,  2.18. 
*Fe82,1.57;  ZnS,  3.20. 
i  FeS,,  0.28;  ZnS,  9.29. 
iCOa,  36.21. 
*C02,  86.75. 


78 


TESTS   OF   MATERIALS   OP   CEMENT   MORTARS. 


Table  XI. —  Uniformity  coefficients  of  fS2  sands  and  of  19  gravel  screenings. « 

SANDS. 


«««'«'">•<•■  "i^^z'^l 

Voids. 

Density. 

0.738 
.730 
.794 
.742 
.752 
.760 
.763 
.769 
.754 
.789 
.732 

Register  No. 

Uniformity 
coefficient. 

Voids. 

Density. 

Sd  12              .... 

*  7. 576 

33.5 
36.0 
28.0 
32.5 
36.1 
29.7 
30.7 
31.4 
28.9 

Sd.  18 

4.200 
8.969 
2.978 
2.785 
2.733 
2.700 
2.652 
2.333 
2.822 
1.706 

34.0 
28.0 
31.6 
31.6 
34.6 
86.4 
34.5 
31.6 
34.9 
4n  Q 

0  735 

Sd.  11 

6.382 
5.^25 
5.465 
5.436 
5.105 
4.957 
4.909 
4.879 

8d.4 

.808 

Sd.20 

8d.6 

.766 

Sd.  1 

Sd.lO 

.743 

Sd.3 

8d.5 

.762 

Sd.  16 

8d.22 

.709 

Sd.8 

Sd.l7 

.704 

Sd.  9 

Sd.  7 

.730 

Sd. 13 

Sd.2 

.756 

Sd.  19 

4.450            26.9 
4.273            31.9 

8d.  21 

.700 

Sd.  14 

Sd.  15 

1.692            40.5 

.676 

GRAVEL  SCREENINGS. 


G1.3. 
G1.6. 
G1.2. 
Gl.l. 
Gl.ll 
01. 10 


19.78 

38.6 
27.9 

13.07 

0.772 

9.00 

31.0 

.763 

8.78 

29.0 

.771 

5.74 

25.5 

.796 

5.50 

23.0 

.783  1 

G1.12 
G1.5. 
G1.4. 
G1.9. 
G1.8. 
G1.7. 


5.26 

26.5 

4.96 

29.7 

3.85 

22.1 

2.  OS 

33.2 

1.99 

34.8 

1.80 

32.8 

0.782 
.766 


.804 
.741 
.788 


(I  For  details  of  field  origin  of  sand  samples  see  pp.  43-52;  of  gravel  samples,  pp.  SO-96. 

Table  XII. — Average  physical  properties  of  22  aands,  of  12  gravel  screenings,  and  of  25 
stone  screenings,  and  their  mortars.^' 

SANDS  AND  THEIR  MORTARS. 


Register  No. 


;  Density. 


Sd.  4 

Sd.  20 

\      

Sd    19            .         .               .     ..   . 

Sd.  9 

Sd.  G 

Sd.  H 

Sd    1(> 

Sd.  2 

Sd.  13 

Sii  '^ 

Sd    5 

Sd    U)         

Sd.  1 

Sd.  12        

Sd.  18 

Sd.  11 

S<1.  7 

Sd    11                       ...              .   .. 

Sd.  22 

Sd.  17 

Sd.  21 

Sd.  15 

I.H08 
.794 
.789 
.769 
.766 
.l&i 
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.742 
.738 
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.T30 
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Granu- 

larmetric 

curve. 


M*  asured   Weight 
voids     per  cubic 
(per     I      foot 
cent),    (pounds) 


21 
13 
17 
15 
10 
18 
22 
11 
20 
14 

6 

8 

^^ 
9 

3 
2 
1 


Strength  of  1:3  mortar  at 
180  days  (pounds  per  square 
inch). 


TensUe.    Comp-j   TnjJ^- 


28.0 
28.0 
26.9 
31.4 
31.6 
30.7 
29.7 
34.9 
28.9 
36.1 
34.6 
31.6 
32. 5 
35.5 
34.0 
31.9 
31.6 
36.0 
36  4 
34.5 
40.9 
40.5 


116.4 
116.5 
119.9 
110. 5 
113.5 
114.5 
119.5 
107.7 
119.5 
103.3 
104.8 
110.0 
109.3 
106.5 
106.5 

llx.O 

116.0 
108.3 
98.8 
105.  5 
89.0 
95.5 


I 


731 

670 ; 

773  ! 

483  ; 
614  I 
720  I 
605 
369 
-668  ' 
495  I 
420 
488 
415 
601  1 
550  , 

484  I 
603 
708  ' 
487  , 
466 
380 
331  j 


6.2011    . 
6.719    . 
2.  ^AM 
4/225 
7,&rH 

7,  loa 

TJgS 

:■>,  2m  I 

4,  7.VJ  : 
1,1^9  I. 

u,eT7 

6, 12J^ 
3,667  . 
4,075 
5, 733 
5,067 
4,958  : 
4,742  ' 
2.892  |. 
2,633 


1,224 


900 
1.482 
1,254 

984 

900 
1,314 
1,182 

984 


1.056 
1,380 


1,044 
1,038 
1,272 
1.008 
1.002 


792 


"  For  details  of  lield  origin  of  sand  samples  see  pp.  4.*?-.'i2  ;  of  gravel  samples,  pp.  80- 
S(; ;  of  stone  screeninjjs,  pp.  0,'i-lOO. 
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Table  XIL- 


-  Average  physical  properties  of  22  sandsy  of  12  gravel  screenings,  and  of  25 
stone  screenings,  and  their  mortars — Continued. 


GRAVEL  SCREENINGS  AND  THEIR  MORTARS. 
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Fleming  &  Co.,  Cincinnati,  Ohio. 
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So  TESTS   OF    MATERIALS   OF   CEMENT   MOBTABfi. 

3IETHOD  OF   COLLECTION. 

The  methods  of  collection  and  shipment  were  the  same  as  those 
used  with  the  samples  of  sand  (p.  42). 

The  material  in  almost  every  sample  represented  the  run  of  bank 
or  bar,  many  samples  having  pebbles  as  large  as  2  inches.  For  the 
l)urpose  of  making  mortar  only  the  material  that  passed  a  J-inch 
screen  was  used.  A  complete  description  of  each  sample  of  gravel, 
together  with  illustrations  from  photographs  of  the  screenings  (actual 
size),  is  given  in  the  following  pages.  All  the  screenings  were  sub- 
jected to  the  usual  physical  determinations  and  were  mixed  with 
typical  Portland  cement  to  make  mortar  test  pieces. 

DESCRIPTIONS   OF   GRA\'EL   SCREENINGS. 

Register  No,  Gl,  1, — A  sample  obtained  from  a  recent  deposit  of 
river  gravel  at  the  Morsches  Spur  Bar  in  Meramec  River  was  desig- 
nated Gl.  1.  A  dipper  dredge  was  operated  over  a  space  1,200  feet 
long  by  75  feet  wide,  transferring  the  material  to  scows  or  cars  for  de- 
livery to  St.  Louis  and  other  points.  In  handling  the  material  by  the 
dredge  no  attempt  was  made  to  wash  out  the  silt. 

Only  42  per  cent  of  the  sample  received  at  the  laboratories  passed 
the  ^-inch  screen,  and  no  portion  of  these  screenings  passed  the  No.  80 
sieve.  As  shown  by  the  granularnietric  analysis  curve  (fig.  15, 
J).  83),  and  the  ilhistration  (PI.  VIII,  C\  p.  54),  the  screenings  arc 
very  uniformly  graded.  There  is  practically  no  fine  material  (smaller 
than  the  No.  80  sieve).  The  percentage  of  voids  is  29;  the  weight  per 
cubic  foot  is  113.5  pounds;  the  amount  of  silt  is  0.15  per  cent,  and  the 
yield  in  1 :  3  mortar  is  1.1  (>.  The  results  of  the  strength  tests  on  mor- 
tars made  from  these  and  11  other  gravel  screenings  are  given  in 
Table  XIII  (p.  81)). 

Register  Xo.  Gl.  2, — The  sample  designated  Gl.  2  is  a  recent  river 
gravel  obtained  from  the  Meramec  River  bar  at  Moselle,  Mo.  A 
clam-shell  dredge  operated  over  a  space  4,000  feet  long  and  2,000 
feet  wide  raises  the  material  from  the  bottom  of  the  river.  The 
gravel  is  generally  shipped  to  St.  Louis,  Mo. 

About  5S  per  cent  of  the  samples  received  at  the  laboratories  passed 
the  ]-inch  screen.  As  shown  by  the  granularnietric  analysis  curve 
(fig.  14),  thes(»  screenings  are  not  far  from  uniform  in  gi'ading  and 
contain  but  a  small  portion  of  fine  material,  only  3  per  cent  pass- 
ing the  Xo.  80  sieve.  The  material  is  illustrated  in  PI.  IX,  A,  The 
percentage  of  voids  is  :U ;  the  weight  per  cubic  foot  is  113.5  pounds; 
the  amount  of  silt  is  0.31)  pel*  cent,  and  the  yield  in  1:3  mortar  is 
1.14.  The  results  of  the  strength  tests  of  mortars  made  from  these 
gravel  screenings  are  shown  in  Table  XIII. 
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Register  No.  Gl.  3. — The  sample  designated  Gl.  3  is  a  mixture  of 
limestone  and  granite,  and  the  gravel  is  removed  from  a  500-foot 
bar  in  Scioto  River,  Columbus,  Ohio,  by  means  of  an  endless  chain. 
It  is  dumped  on  scows,  hauled  to  a  suitable  point,  and  placed  in  cars 
by  a  bucket  and  crane  for  shipment. 
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DIAMETER  OF  PARTICLES   IN  INCHES,  WITH  NUMBERS  OF  SIEVES 

Fig.  14. — Granularmetric  analysis  curves  for  gravels  4,  12,  10.  and  2.  Results  for 
sieves  Nos.  10,  20,  30,  40,  50,  80,  and  100  shown  by  solid  lines;  for  Feret's  two-sieve 
method  by  broken  lines ;    uniform-grade  lines  shown  by  dots  and  dashes. 

As  received  at  the  laboratories,  this  material  was  supposed  to  range 
from  \\-  to  ^-inch  material.  On  analysis  it  was  discovered  that  12 
per  cent  of  the  material  would  pass  the  J-inch  screen,  and  this  portion 
was  used  in  the  mortar  tests.  As  shown  by  the  granularmetric  analy- 
sis curve  (fig.  16,  p.  85),  these  screenings  are  very  uniformly  graded, 


83 


TESTS    OF    MATBR1A1J3   OF    CEMENT    MOETABS. 


although  10  per  cent  passes?  the  No.  80  sieve*  The  il lustration  (PL 
IX,  B)  alno  shows  the  uniformity  in  grading.  The  percentage  of 
voids  is  38.G;  the  weight  j>er  cubic  foot  is  102.G  pounds;  and  the 
II mount  of  silt  is  1,4  per  cent.  The  results  of  the  strength  tests  of 
rtu^rlai^  made  from  this  gravel  are  shown  in  Table  XIII  (p.  81) ), 

Register  No,  GL  4- — The  sample  designated  01,  4  was  obtained  at 
Lovehind-  Ohio,  from  a  en'avel  hank  abont  l:2W  feet  long  and  GO 
feet  wide,  which  was  part  of  a  glacial  dejx)sit.  The  material  is  ex- 
eavatefl  by  a  steam  shovel  and  shipped  to  Cincinnati, 

The  gravel  received  at  the  lalK)ratories  was  that  portion  which 
passed  a  l-inch  screen,  and  alx^ut  one-third  of  this  passed  the  i-inch 
^screen.  The  grannlarmetrie  analysis  curve  (fig,  14,  p.  81)  shows 
that  about  40  per  cent  of  the  J-inch  screenings  of  this  material  passed 
the  Xo,  20  sieve,  and  5  per  cent  passed  the  Xo.  SO  sieve.  The  per- 
centage of  voids  is  30;  the  weiglit  per  cubic  foot  is  117.1  pounds;  the 
amount  of  silt  is  2.67  per  cent,  and  the  yiehl  in  1:3  mortar  is  l.ir>. 
The  reiiults  of  the  strength  tests  of  mortars  made  from  this  gravel 
are  shown  in  Table  XIII,  The  sci'eenings  are  illustrated  in  PL 
IX,  r. 

Regwfer  No*  GL  *^*— The  sample  designated  (iL  5  is  obtained  from 
a  deposit  of  river  alluvium  and  glacirti  material  spread  over  about 
10  acres  near  Carthage,  Ohio.  This  nuiterial  was  excavated  by  pick 
and  shoveb  and  shipped  to  Cincinnati  and  vicinity.  It  e^mtains 
but  a  small  proportion  of  coarse  particles,  and  it  is  generally  passed 
over  a  J -inch  screen  and  the  screenings  used  as  sand. 

Of  the  sample  received  at  the  laboratories  81  per  cent  passed  the 
^*inch  screen.  As  shown  by  the  graindarmetric  analysis  curve  (fig, 
15),  only  2  per  cent  of  this  material  passed  the  No.  50  sieve,  and 
the  retuaiuder  of  the  grading  followed  the  general  direction  of 
the  uniform-grade  line.  The  percentage  of  voids  i(s  29.7:  the  weight 
per  culiic  foot  is  lla.t^  pounds:  the  amount  of  silt  is  0.4  per  cent,  and 
the  yield  in  1 :3  mortar  is  Ur*.  The  results  of  the  strength  tests  of 
mortars  made  from  these  screenings  are  shown  in  Table  XIII  (p»  81*), 
This  sample  is  illustrated  in  PI.  X,  A.  The  uniform  grading  of 
the  material  and  I  lie  absence  of  anything  resembling  dust  or  very 
fine  grains  are  evident. 

Register  No,  GL  6. — Sample  designated  (41.  W  was  obtained  from 
an  alluvial  and  glacial  deposit  at  Ludlow,  Ky,,  the  area  wtn-ked 
being  iUK)  feet  long  and  70  feet  wide.  The  gravel  is  a  mixture  of 
natural,  ungraded  bank  gravel  and  sand,  with  particles  as  large  as 
IJ  inches. 

The  sample  received  at  the  laboratories  all  passed  the  i-inch 
screen,  and,  as  shinvn  by  the  granularnietric  analysis  curve  (fig.  l*i), 
31  per  cent  passed  the  Xo.  30  sieve.  The  percentage  of  voids  is 
27.9;  the  weight  per  cubic  foot  is  120,8  pounds;  the  amount  of  silt 
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is  2.85  per  cent,  and  the  yield  in  1:3  mortar  is  1.22.  The  results 
of  the  strength  tests  of  mortar  made  from  these  screenings  are  shown 
in  Table  XIII.     This  sample  is  illustrated  in  PL  X,  B. 

Register  No.  Gh  7, — One  sample,  designated  Gl.  7,  was  obtained 
from  a  glacial  deposit  at  Chilson,  Mich.,  and  was  excavated  by  steam 
shovel  from  a  pit  530  feet  long  and  30  feet  wide.     The  run-of-bank 
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DIAMETER  OF  PARTICLES  IN  INCHES, WITH  NUMBERS  OF  SIEVES 

Pio.  15. — Granularmetric  analysis  curves  for  gravels  5,  6,  11,  and  1.  ReSults  for  sieves 
Nos.  10,  20,  30,  40,  50,  80,  and  100  shown  by  solid  lines ;  for  Feret's  two-sieve  method 
by  broken  lines ;   uniform-grade  lines  shown  by  dots  and  dashes. 

gravel  could  not  be  procured,  inasmuch  as  all  the  material  was  sized 
by  a  series  of  screens.  The  sample  shipped  to  the  laboratories  was 
designated  as  a  No.  2  washed  gravel,  and  comprised  particles  l)e- 
tween  three-eighths  and  1:^  inches.  The  graded  material  is  used  in 
the  vicinity  of  Toledo,  Ohio. 


Tht?  coniniCiTial  Hizing  of  the  gravel  is  not  perfe<.*t;  of  the  sample 
received  iit  the  laboratories  about  22  per  cent  pas,sed  the  ^-inch  screen, 
and  scarcely  any  of  it  passed  the  No.  10  sieve.  The  screenings  give  a 
very  peculiar  granalarmetric  analysis  curve  (fig.  10) ,  starting  at 
alx>ut  0  at  the  No.  10  sieve  and  going  to  100  at  the  |-inch  screen. 
They  are  practically  one-size  material  between  the  J-incli  and  the  Xu, 
10.  The  t>erceritage  of  voids  is  32,8;  the  weight  per  cubic  focjt  is 
115*2  pounds;  the  amount  of  silt  is  0.2  per  cent,  and  the  yiehl  in  1:3 
mortar  is  LIO*  The  results  of  the  strength  tests  of  mortars  made 
from  these  screeningH  ai^  shown  in  Table  XITL  These  screenings 
are  illustrated  in  PI.  X,  (J,  It  is  very  evident  from  the  pliotograph 
that  this  material  is  not  unifonnly  graded,  and  also  that  there  are 
practically  oo  very  fine  grains. 

Register  A-o,  Oh  S. — The  sample  designated  GL  S  is  another  grade 
of  the  material  just  described  (Gl>  ?)•  Commercially,  it  is  regarded 
as  a  J-inch  to  |-inch  size,  and  the  granularmetric  analysis  at* the 
laboratories  (tig,  lt>)  shows  that  this  is  very  nearly  the  case. 

Of  the  sample  received  48  per  cent  was  retained  on  the  J- inch 
screen  and  9S  per  cent  on  the  Xo.  10  sieve.  This  material  is  therefore 
practically  a  one-size  material.  The  percentage  of  voids  is  34.B ;  the 
weight  per  cubic  foot  is  111,5  pounds;  and  the  amount  of  silt  is  0,2 
per  cent;  the  yield  of  1:3  mortar  was  not  determined.  The  results 
of  the  strength  tests  of  mortars  are  shovirn  in  Table  XIII.  Tl 
material  is  illustrated  in  PI,  XI,  A. 

/Register  iVo.  Gl,  9, — ^The  sample  designated  Gb  9  was  obtaine 
fi'oni  the  shore  of  St,  Clair  River  near  Amherstbm^g,  Ontario.  It 
was  pumped  into  scowls  by  means  of  a  centrifugal  pump  and  taken 
to  Detroit,  Mich.  The  sinnple  shipped  to  the  laboratories  consisted 
of  screenings  of  approximately  one  size  sifted  out  of  the  materi 
excavated* 

The  granuhinnetric  analysis  {fig.  16)  shows  that  practically  a 
the  material  was  retained  by  the  No.  10  sieve.  Tlie  percentage  of 
voids  is  30*7;  the  weight  per  cubic  foot  is  117,8  pounds;  the  amount 
of  silt  is  0*7  per  cent,  and  the  yield  in  1:3  mortar  is  1,10.  The 
results  of  strength  tests  of  mortai*s  made  from  this  material  are 
shown  in  Table  XIII.  The  appearance  of  the  material  may  be  seen 
in  PI  XI,  B.  m 

Register  No.  Gl,  /^.— The  sample  designated  Gl.  10  was  obtaineB 
from  a  "  wash  "  on  the  shore  of  Lake  Erie,  near  Ix>rain.  Ohio.    Th© 
extent  of  the  deposit  is  indefinite.     The  material  was  handled  by 
pick  and  shovel  and  shipped  to  Cleveland,    In  commercial  fonn  tl^k 
product  ranges  from  3 -in eh  pebbles  down  to  the  finest  sands.  ^ 

Of  the  sample  shipped  to  the  laboratories  02  per  cent  passed  the 
i-inch  screen.  As  indicated  by  the  granularmetric  analysis  cur%^e 
(fig-  14,  p<  81),  about  50  per  cent  of  the  scre4^nings  lie  between  the 
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No.  20  and  the  No.  80  sieves.  The  gravel  is  illustrated  in  PI.  XI,  C. 
The  percentage  of  voids  is  27.9;  the  weight  per  cubic  foot  is  118.9 
pounds ;  the  amount  of  silt  is  0.4  per  cent,  and  the  yield  in  1:3 
mortar  is  1.19.  The  results  of  the  strength  tests  on  mortars  made 
from  these  screenings  are  shown  in  Table  XIII. 
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Fio.  16. — Granularmetric  analysis  curves  for  gravels  3,  8,  ft,  and  7.  Results  for  sieves 
Nob.  10,  20,  30,  40,  50,  80,  and  100  shown  by  solid  lines ;  for  Ferers  two-sieve  method 
by  broken  lines;  uniform-grade  lines  shown  by  dots  and  dashes. 

Register  No.  Gl,  11. — Sample  designated  Gl.  11  was  obtained  at 
Attica,  Ind.,  from  the  deposit  described  under  "  Sd.  18"  (p.  40). 
Of  the  sample  shipped  to  the  laboratories,  40  per  cent  passed  the 
J-inch  screen,  and  only  28  per  cent  passed  the  No.  20  sieve  (fig.  15, 
p.  83).    The  percentage  of  voids  is  25.5;  the  weight  per  cubic  foot  is 
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122,5  pounds ;  the  amount  of  silt  is  0,3  per  cent ;  and  the  yield  in  1.3 
iTiortnr  is  1.20*  The  results  of  the  hiren^h  test^  of  niortari*  made 
from  these  screenings  are  shown  in  Tulile  XIII.  The  uniform  grad- 
ing of  the  particles  is  apparent  at  a  glance  (PL  XII,  ^I),  H 
Regwter  No,  OL  P3, — A  second  .sample  from  Attica,  Inrl,,  desij^ 
nated  Gl.  12,  is  a  bank  gravel  from  the  same  Uicality  as  GL  11*  Of 
the  sample  shipped  to  the  lalK>ratoritis  86  per  cent  passed  the  J-inch 
sci^en,  and  50  per  cent  passed  the  No.  20  sieve  (fig.  14,  p.  SI)*  The 
jK^rcentage  of  voids  is  2i^S^:  the  weight  per  enbic  foot  is  120.3  pounds; 
the  amount  of  silt  is  0,5  per  cent,  and  the  yield  in  1:3  mortar  is  1,18, 
The  results  of  the  strength  tests  of  mortars  made  fi^om  these  screen- 
ings are  shown  in  Table  XIII,  Tlie  illustration  of  this  nmterial 
(PL  XII,  B)  shows  the  comparatively  uniform  grading  of  the  par- 
ticles. There  is  a  small  amount  of  very  fine  material  present  and  a 
rather  large  amount  t^f  largt*  grains. 


Method. — When  a  sample  of  gravel  is  received  at  the  laboratory 
it  is  spread  on  a  concrete  Hoor  and  turned  at  intervals  until  thor- 
oughly air  dried.  It  is  then  passed  over  a  J -inch  screen  to  separate 
the  coarser  material.  Great  cai*e  is  taken  so  that  no  part  of  the  fine 
material  shall  be  lost.  The  percentage  of  the  original  shipment  that 
passes  the  i-inch  screen  is  recorded.  The  screenings  are  .used  in  the 
mortar  tests  and  the  residue  aliove  the  |-inch  sis!;e  is  discarded. 

The  screenings  (all  of  which  have  passed  the  |-iuch  screen)  are 
submitted  to  tests  for  gi*anularmetric  composition,  percentage  of 
voids,  si>ecific  gi*avity^  weight  per  cubic  foot,  and 


moisture,    Thes<?  results  are  given  in  Table  VIII  (p. 


percentage  of 
59).    The  per- 
'-'-X  (p,  T7). 
..liarmetric 


eentage  and  chemical  composition  of  silt  are  given 

(rjYmulannetrie  mujlyds, — The  set  of  sieves  for  ti*  ..i 

analysis  consists  of  Xos,  10,  20,  30,  40,  50,  80,  100,  and  200,  It  was 
found  that  great  care  had  to  be  taken  in  order  to  get  a  representative 
sample  of  each  lot,  on  account  of  the  tendency  of  the  fine  material  to 
work  to  till'  Ijottom  of  the  mass, 

Gramdarnu'trie  euri}es,~Th.Q  granularmetric  analysis  curves  are 
shown  in  tigs.  14, 15,  and  16,  the  ordinate  at  any  sieve  l>eing  the  total 
pei'centage  that  passes  that  sieve.  These  curves  are  arranged  in  the 
order  of  the  segment  included  between  the  gi^anularnietric  analysis 
curve,  shown  in  full  line,  and  the  uni form -gra tie  line,  shown  by  dots 
and  dashes.  The  sample  which  departs  farthest  from  the  uniform 
grading  is  GI.  4  (at  the  toj)  of  fig,  14,  p,  81),  and  the  curves  gradually 
approach  the  uniform-grade  line  until  GL  3  (at  tlie  top  of  fig,  16, 
p,  85)  is  reached.  This  sample  dnips  slightly  l>elow  the  uniform- 
grade  line  at  the  No.  10  sieve,  and  is  slightly  above  it  at  the  other 
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sieves,  but  very  nearly  coincides  throughout  the  entire  length.  The 
three  samples  following  Gl.  3  in  fig.  16  are  rather  coarse  and  contain 
practically  no  material  under  the  No.  10  sieve.  The  granularmetric 
analysis  curves  for  these  samples  consist  practically  of  a  short  line 
starting  at  0  at  the  No.  10  sieve  and  inclining  toward  100  at  the 
J-inch  screen.  In  these  charts  the  mechanical  analysis  curves  by 
m^ans  of  Feret's  two-sieve  method  are  shown  in  broken  lines. 

Comparison  between  measured  and  computed  voids, — In  the  deter- 
mination of  the  percentage  of  voids  and  weight  per  cubic  foot,  three 
independent  determinations  were  made. 

In  order  to  afford  a  basis  of  comparison  between  the  measured  voids 
and  the  computed  voids  the  latter  were  computed  by  means  of  the 
specific  gravity  and  the  weight  per  cubic  foot,  as  explained  under 
^'Physical  tests  of  sands"  (p.  55).  The  measured  and  computed 
voids  and  the  differences  between  them  are  given  in  Table  VIII 
(p.  59).  In  columns  14  and  15  are  also  given  the  differences  between 
the  values,  the  difference  in  each  case  being  marked  under  the  method 
giving  the  higher  value.  The  averages  of  the  differences  are  shown 
in  the  line  marked  "  Average."  The  difference  between  them  is  zero, 
showing  that  in  this  case  the  results  by  each  method  were  of  equal 
value. 

Uniformity  coefficient. — The  uniformity  coefficients  of  the  gravel 
screenings  studied  in  these  investigations  are  arranged  progressively 
in  decreasing  order  in  Table  XI  (p.  78).  For  convenience  of  com- 
parison the  percentage  of  voids  and  the  density  for  each  sample  are 
also  given  in  the  table. 

PHYSICAL   TESTS   OF   GRAVEL-SCREENINGS    MORTARS. 

Method, — Each  of  the  gravel  screenings  described  in  the  preceding 
pages  was  mixed  with  typical  Portland  cement  to  form  mortar  of 
different  proportions,  and  this  mortar  was  made  into  test  pieces  for 
tensile  and  compressive  tests.  Proportions  of  1 :  3  and  1 : 4  are  used 
in  every  case. 

Since  it  was  found  impossible  to  obtain  sufficient  material  of  one 
size,  no  one-size  mortar  test  pieces  were  made.  Test  pieces  were  made 
of  each  sample  of  gravel  screenings  for  each  kind  of  stress,  and  three 
pieces  were  tested  at  each  of  the  five  ages — 7,  28,  90,  180,  and  360  days. 

The  results  of  the  strength  tests  on  thase  mortars,  including  the 
register  number,  the  yield  at  the  1 :  3  ratio,  the  register  number  of  the 
corresponding  typical  Portland  cement  test  pieces,  the  temperature 
of  the  water  and  of  the  air  at  the  time  of  molding,  the  percentage  of 
water  used  for  normal  consistency,  and  the  breaking  strength  (in 
pounds  per  square  inch)  at  different  ages  are  given  in  Table  XIII 
(p.  89).    Table  VIII  summarizes  data  respecting  the  field  origin  and 
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nature  of  each  sample  of  gravel,  and  the  average  physical  properties 
are  given  in  Table  XII  (p.  78). 

The  results  of  the  strength  tests  on  neat-cement  test  pieces  made 
from  the  same  cement  used  in  the  mortar  are  given  in  Table  VII 
(p.  e36)  and  are  plotted  in  figs.  6  (p.  35),  7  (p.  39),  and  8  (p.  40). 
The  corresponding  typical  Portland  cement  numbers  are  given  in 
Table  XIII,  so  that  the  strength  of  the  mortar  may  be  compared  with 
the  strength  of  the  neat  cement  used  in  the  mortar. 

Tensile  strength. — The  results  of  the  tensile  tests  are  given  in 
Table  XIII«  (p.  89).  The  results  are  arranged  in  groups  of  three,  in 
the  same  way  as  for  the  sand  mortars,  and  the  average  of  each  group 
is  shown  in  the  line  marked  "Average."  The  results  given  in  the  table 
are  the  total  breaking  loads  on  1-inch  briquets. 

The  lack  of  uniformity  in  the  increase  in  strength  is  probably  due 
to  physical  differences  in  the  gravel  screenings.  In  general,  the  ten- 
sile strength  of  both  mortars  seems  to  decrease  with  the  increase  in 
the  percentage  of  voids. 

Compressive  strength, — The  results  of  the  compressive  tests  are 
given  in  Table  Xlllb  (p.  91).  The  values  in  this  table  ar^  in 
pounds  per  square  inch,  and  are  obtained  by  dividing  the  total  break- 
ing load  by  the  area  of  the  cross  section  of  the  2-inch  cube.  Con- 
sidering these  tests  in  the  order  of  the  percentage  of  voids,  it  can  be 
seen  that  the  strength  appears  to  decrease  with  the  increase  in  the 
percentage  of  voids. 

Sutnmanj  of  gravel-mortar  tests, — A  great  deal  of  irregularity  can 
be  expected  in  the  testing  of  gravel-screenings  mortar  test  pieces. 
This  is  due  to  the  fact  that  the  operator  finds  it  difficult  to  obtain  a 
thoroughly  uniform  mass,  especially  when  the  material  is  composed 
of  coarse  grains  of  approximately  one  size.  In  the  latter  case  it 
invariably  happens  that  the  cement  and  gi'avel  screenings  cx^cur  in 
the  test  pieces  in  streaks.  In  many  cases  the  cement  accumulates  at 
one  side  of  the  neck  of  the  briquet,  and  the  active  section  is  reduced 
so  that  the  briquet  gives  eccentric  results  when  tested. 

Density. — The  density  of  mortar  made  from  each  sample  of  gravel 
screenings  Avas  determined  in  order  to  ascertain  its  relation  to  the 
other  physical  properties  and  to  see  if  the  strength  of  the  mortar  can 
be  approximately  foretold  by  the  density. 

The  density  of  1 : 3  mortar  and  the  relation  between  the  density  and 
other  physical  properties  of  the  screenings  and  mortars  are  given  in 
Table  XII  (p.  79).  In  column  1  are  given  the  register  numbers  of 
the  gravel  screenings  used  in  the  mortars  whose  densities  are  given  in 
column  2.  The  densities  are  arranged  in  order,  with  the  largest 
value  at  the  top.  For  purposes  of  comparison,  the  number  of  the 
granularmetric  analysis  curve  for  each  gravel  is  given  in  column  3. 
These  numbers  start  with  No,  1  for  Gl.  4  (at  the  top  of  fig.  14,  p.  81) 
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and  end  with  No.  12  for  Gl.  7  (at  the  bottom  of  fig.  16,  p.  85).  The 
percentage  of  voids,  weight  per  cubic  foot,  and  tensile  and  compres- 
sive strengths  of  the  corresponding  mortars  at  180  days  are  given  in 
columns  4-8. 

Table  Xllla. — Tensile  strength  of  the  morUtrs  of  12  gravel  screenings. 
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Table  Xllla. — Tensile  strength  uj  the  mortars  of  12  gravel  ficreeninys — Cootiiuied. 
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Table  XIII6. — Compressive  strength  of  the  mortars  of  12  gravel  screenings. 
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19S^ 

1460 
1450 
135S 

1423 

2,45& 
2.3M) 

2,398 

U48» 
1,96^ 

1.440 

2,967 
8.3T5 

3.aso 

8,194 

2,^ 

2,337 
2,296 

8. 025 
3,133 
3,160 

3,106 

2,320 
2,500 

2,459 

3,825 
S,B7e 


521  € 
6737 
5650, 


1362  2B12 

1735  I  2am 

1592  3085 

1603  3099 


6270 
6107 
5902 


3376 
3.'>5() 
3Ji37 

imi 

3J00 
307& 


2513 
250P 
2230 


3,975 
3,?J6 
8,»S7 

3.89(1 

2,ri00 

2,  !M2 
2,787 

2,743 

4, 515 
4,713 
4,425 

4,551 

3.520 

3,  473 
3,2(58 
3,420 

4,010 
4,415 
4.2'iS 
4,238 

3,088 
3,83;^ 

3, sua 

3,874 

4,4HS 
4.230 


6565 
7326 

6802 

39^ 
3760 
4075 

3918 

7683 
74t^ 
7000 

7384 

4,530 
470S 
5UU0 
4744 

3763 
8.^53 
41^ 

3970 

3ir)3 
mi 

6,025 
ti,3^ 
6,098 

4,075 

4,6^ 

4,4ue 

4,589 
.^976 

e.oeo 

6,138 
6,064 

4,325 
4,060 
4,lfi3 

4,179 

7,250 
!3,8[6 
7,013 
7,026 

4.875 
%11D 
5,115 
5,0S3 

7.296 
(1,970 


t«^3  !  3,52Sf 
1,476  I  3.338 
3,000 


7,1^ 
3,567 


8,076 
3,766 


180 
dfly». 


I60& 
7408 
7363 

7466 

4908 
5163 
4900 

4990 

7513 
SJ360 


3074 

5023 
5:ifi3 
4760 

5012 

472.^ 
4726 
4512 
4654 

3438 
3^00 
3012 


5.612 
6,^00 
5,800 

6,570 

4,509 
4,800 
5,Q2i'j 
4,  775 

7,163 
8.588 


6,873 

5,970 
6,515 
5,760 

5,748 

6,468 
6,375 
6,352 

a,  397 


6,706 

6,o;i8 

6,871 
5,70a 


6,950 
6,325 

1,876 


1,501  J  3,287 
samples  of  gravel  screenings,  see  pp.  80-80. 


1,500 
1,687 


3()0 


8185 
7340 
7920 

7165 

4O00 
36{i3 
4075 

3013 

9iV(jO 
P-JOO 
8940 

92fi7 

4925 
4976 

4826 
4750 
4650 

4742 

3M75 
4175 
4075 

4042 

7,  425 
7,050 
7.100 


4,675 
4,  HOD 
4,450 

4,575 

7.4.^ 
7.^*50 
7,700 

7,667 

5,250 

5,H00 
5,850 

6,633 

7,175 
fi,725 
7,176 

7,025 

6,k'i00 
6,&i=i0 
6,726 

6,^)02 

6.425 
6, 162 
6,5iT0 

0.379 

4,325 
4,250 
4,450 

4,342 
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Table  XIII6. — Compressive  strength  of  the  mortars  of  12  gravel  screenings — Continued. 


Regis- 
ter 
No. 


Ratio  of  cement 
to  gravel. 


Gl.  8... 


Average 
1:4 


Average 


Gl.  9... 


Average  . 
1:4 


Gl.  10.. 


Average  . 
1::^ 


Average 
1:4 , 


Gl.  11 


Average  . 
1:3 


¥leld. 


Cement 
No. 


79-61 


Temperature 
(°F.). 


Water. 


79-61  ' 


1.10 


79-56 


79-65  I      69.8 


79-57  I 


79-67         69.8 


1.20       l»-23 


68.9 


Average 

1:4 ' ■     133-23 


Gl.  12. 


Average  , 
:3 


1.18  .    133-28 


68.9 


Average  . 
1:4 


Average  , 


68.9 


Air. 


Water 

(per 

cent) . 


68.0  I 


64.2 


68.0  ' 


74.3 


74.3 


8.3 


8.3 


8.9 


Ck>mpre«dve  strength  (pounds  per 
square  inch). 


7 
days. 


8.9 


8.3 


2,638 
2.226 
2,638 

2,484 

763 
638 
663 

688 

4,595 
4,475 
4,538 

4,536 

4,176 
4,025 
8,960 

4,060 

2,318 
2,288 


2,303 

1,370 
1.450 
1,413 

1,411 

4,630 
4,638 


8.3 


4,634 

2,595 
2,363 
2,550 

2,503 

3,623 

I  3,575 

3, 573 

3,590 

2,790 
2.676 
2,685 

2,717 


28 
days. 


2,650 
2,388 


2,619 

1,310 
1,600 


1,405 

5,650 
5,000 
6,488 

6,346 

6,145 
6,163 
6,345 

6,218 

4,060 
4,388 
4,000 

4,146 

1,888 
1,775 


6,365 
6,238 
6,200 

6,268 

3,938 
3,688 
3,775 

3,800 

5,225 
5,200 


5,212 

3. 775 
3,700 

3,842 


90 
days. 


8,250 
3,162 


8,206 

3,726 
3,800 


3,762 

6,288 
6,4S8 
6,810 

6,179 


6,696 
5,863 

6,779 

4,670 
4.768 
4,326 

4,663 

2,606 
2,532 
2,680 

2,607 

6,226 
6,376 
6,600 

6,400 


180 
days. 


4,426 
3,925 


5,550 
4,925 
5,275 

5,250 


6,550 
7,100 


6,825 

2,050 
2,100 


2,075 

8,200 
8,725 
8,776 

8,567 

6,600 
6,376 
6,060 

6,342 

6,300 
6,476 
6,626 

6,433 

8.225 
3,850 
3,250 

8,276 

9,000 
7.300 
7.175 

7,825 

4,450 
4,400 
4,750 

4,175     4,533 


7,050 
6,850 
6,775 

6,892 


I 

4,560  4,950 
4,650  r  6,250 
4,725 

4,600     4,976 


days. 


5,375 
6,050 
4,100 

4,842 

2,125 
2,176 
2,526 

2,276 

8,900 
9.062 
9,400 

9,121 

7,375 
7,625 
7,300 

7,433 

4,960 
6,126 
4,937 

5,004 

3,037 
8,075 
8,075 

8,062 

8,676 
8,976 
8,800 

8,817 

4,976 
4,325 
4,300 

4,633 

8,050 
7,426 
8,226 

7,900 

6,050 
6,250 
6,150 

6,160 
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ACKNOWLEDGMENT  OF  DONATIONS. 

In  the  investigations  reported  in  this  bulletin,  25  samples  of  stone 
screenings  were  used.  They  were  generously  donated  by  the  follow- 
ing firms  and  companies: 

Kambrick-Bates  Construction  Company,  St.  Louis,  Mo. 
Buckeye  Dredging  Company,  Columbus,*  Ohio. 
Bull  Frog  Mining  Company,  Joplin,  Mo. 
Casparis  Stone  Company,  Casparis.  Ohio. 
Chicago  Crushed  Stone  Company,  Chicago,  111. 
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Fruin-Bambrick  Company,  St.  Louis,  Mo. 

Glencoe  Lime  and  Cement  Comi)any,  St.  Louis,  Mo. 

Granby  Zinc  and  Mining  Company,  Joplin,  Mo. 

Hillsljoro  Stone  Company,  Hillsboro,  Ohio. 

Horton  Stone  and  Milling  Company,  Springfield,  Mo. 

McLaughlin-Ma teer  Company,  Kanlcalcee,  111. 

McTemau  &  Halpln  Construction  Company,  Kansas  City,  Mo. 

Ozarlv  Red  Granite  Company,  Graniteville,  Mo. 

Perlvinson  Brothers,  St.  Louis,  Mo. 

Rucker  Stone  Company,  Greenfield,  Ohio. 

St.  Joseph  Lead  Company,  Bonne  Terre,  Mo. 

St.  Joseph  Street  Construction  Company,  St.  Tx)uis,  Mo. 

Samuels  &  Holmes,  Kansas  City,  Mo. 

Sibley  Quarry  Company,  Sibley,  Mich. 

Toledo  Stone  and  Glass  Sand  Company,  Sylvania,  Ohio. 

METHOD  OF  COLLECTION. 

These  samples  were  collected  and  shipped  to  the  laboratories  in 
the  manner  described  for  sands  (p.  42).  All  the  screenings  were 
subjected  to  the  usual  physical  determinations  and  were  mixed  with 
cement  to  make  mortar  test  pieces.  A  complete  description  of  each 
sample  of  stone  screenings,  together  with  illustrations  from  photo- 
graphs (actual  size)  and  the  detailed  results  of  tests,  is  given  in  the 
following  pages. 

DESCRIPTIONS  OF  STONE  SCREENINGS. 

Register  No.  Se.  1. — The  sample  designated  Se.  1  was  obtained 
from  a  quarry  at  St.  Louis,  Mo.  This  stone  is  geologically  known 
as  the  St.  Louis  limestone,  of  the  Mississippian  series.  It  was  blasted 
with  black  powder  for  dimension  stones,  and  with  dynamite  for 
crusher  stone,  and  is  worked  and  handled  by  means  of  steam  drills 
and  derricks.  The  quarry  covers  a  space  400  by  200  feet  to  a  depth 
of  225  feet.  The  sample  here  described  was  taken  from  the  deepest 
bed  in  the  quarry,  and  is  a  very  fine-grained,  dense  rock.  The  upper 
beds  in  the  same  quarry  vary  in  texture  from  coarse  to  medium. 

Of  the  crusher  run,  as  received  at  the  laboratories,  40  per  cent 
passed  the  J-inch  screen,  and  of  this  portion  40  per  cent  passed  the 
Xo.  20  sieve  and  10  per  cent  the  No.  80  sieve  (fig.  18,  p.  96).  The 
percentage  of  voids  is  39.4;  the  weight  per  cubic  foot  is  103.5  pounds; 
the  amount  of  silt  is  4.9  per  cent,  and  the  yield  in  1 : 3  mortar  is  1.04 
The  results  of  the  strength  tests  of  mortars  made  from  these  screen- 
ings are  shown  in  Table  XIV  (pp.  109-124).  An  illustration  of  the 
screenings  is  shown  in  PI.  XII,  (7  (p.  86). 

Register  No.  Se.  2. — A  sample  obtained  from  the  upper  bed  of  the 
formation  in  the  quarry  from  which  sample  Se.  1  was  taken  was 
designated  Se.  2. 
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Of  the  entire  run  as  reeeiyed  at  the  liibomtorles  43  jH?r  cent  passm 
the  ^'ineli  screen,  and  nf  this  portion  40  i5er  cent  passed  the  No,  20 
sieve  and  10  per  cent  the  No.  80  sieve  (fig.  18,  p.  96),  The  per- 
centage of  voids  is  37.2;  the  weight  per  cubic  foot  is  106,2  ponnds; 
the  amount  of  silt  is  5*4  per  centj  and  the  yield  in  1 : 3  mortar  is  lA, 
The  results  of  the  strength  tests  of  mortars  made  from  these  screen- 


eo 


y 


I 


}im^  i-MH 


DiAMET&R  OF  PARTtCLES  m  INCHES,  WfTtf  NUMBENS  OF  SfEV^S 

Pia*-1T.^ — (ii-atitilarmetric  iinaly&is  curvea  for  atoiie  serpen itipni  ^1^  11,  19^  and  X  Rcsulta 
for  Hlitves  Kos.  lo,  2\h  *Mh  4u,  .'>(►,  f?n>,  nnd  1<H)  uhowti  Uy  wjINI  Jlnf«;  f^ir  ^>ret*a  two- 
sieve  met  bod  by  tuxjkett  lines;  upl  form -grade  lines  abown  liy  Uots  and  dashes. 

ings  are  shown  in  Table  XIV,    The  appearance  is  shown  in  PI, 
XIII,  .4. 

Register  Xo,  Se.  S, — The  sample  designated  Se.  3  was  obtained  from 
another  qnarry  at  St,  Louis.  This  sample  came  fi-om  the  middle  bed 
of  the  St.  Loui!^  limestone,  and  was  blasted  out  with  dynamite  and 
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black  powder.  The  equipment  of  the  quarry  embraces  compressed- 
air  and  steam  drills,  hoisting  machinery,  and  two  large  crushers. 

Of  the  crusher-run  material  as  received  at  the  laboratories  23  per 
cent  passed  the  J-inch  screen,  the  large  percentage  that  remained  on 
the  i-inch  screen  being  about  three-eighths  inch  in  size.  About  55  per 
cent  passed  the  No.  20  sieve,  and  about  15  per  cent  passed  the  No.  100 
sieve  (fig.  17).  The  percentage  of  voids  is  37;  the  weight  per 
cubic  foot  is  103.5  pounds ;  the  amount  of  silt  is  2.3  per  cent,  and  the 
yield  in  1 : 3  mortar  is  1.9.  The  results  of  the  strength  tests  of  mor- 
tars made  from  these  screenings  are  shown  in  Table  XIV  (p.  109). 
The  appearance  is  shown  in  PL  XIII,  B. 

Register  No,  Se.  4. — A  sample  from  a  quarry  at  Glencoe,  St.  Louis 
County,  Mo.,  was  designated  Se.  4.  The  outcrop  of  this  rock,  an 
Ordovician  limestone,  was  in  the  form  of  a  bluff  J,500  feet  long  and 
50  feet  high.  The  stone  was  excavated  by  means  of  black  powder 
and  dynamite,  and  compressed  air  was  largely  used  in  the  work. 

Of  the  crusher-run  material  as  received  at  the  laboratories  13J  j^er 
cent  passed  the  ^-inch  screen.  As  may  be  seen  by  the  granularmetric 
analysis  curve  (fig.  22,  p.  105)  and  the  illustration  (PI.  XIII,  C),  the 
screenings  that  passed  the  J-inch  screen  were  almost  uniformly 
graded.  The  granularmetric  analysis  curve,  shown  by  solid  line  in 
the  figure,  almost  coincides  with  the  uniform-grade  line,  shown  by 
dots  and  dashCvS.  Only  20  per  cent  of  this  material  passed  the  J-inch 
screen,  and  only  about  5  per  cent  passed  the  No.  100  sieve.  The  per- 
centage of  voids  is  36;  the  weight  per  cubic  foot  is  105.5  pounds;  the 
amount  of  silt  is  0.6  per  cent,  and  the  yield  in  1 : 3  mortar  is  1.08.  The 
results  of  the  strength  tests  of  mortars  made  from  these  screenings 
are  shown  in  Table  XIV  (pp.  109-124). 

Register  No,  Se,  5, — Sample  designated  Se.  5  was  collected  at  a 
limestone  quarry  in  Springfield,  Mo.  The  dimensions  of  the  quarry, 
which  is  geologically  in  the  Boone  formation,  were  about  200  by 
100  by  20  feet.  The  rock  was  quarried  by  means  of  a  steam  drill 
and  the  use  of  black  powder  and  dynamite.  Both  the  dimension  and 
crusher-run  stones  find  a  ready  market  in  Springfield,  Mo.,  for  build- 
ing purposes. 

Of  the  entire  run  as  received  at  the  laboratories  33  per  cent  passed 
the  |-inch  screen.  According  to  the  granularmetric  analysis  curve 
(fig.  22,  p.  105),  these  screenings  are  very  uniformly  graded.  About 
20  per  cent  passed  the  No.  10  sieve  and  about  12  per  cent  passed  the 
No.  20  sieve.  The  percentage  of  voids  is  41.1 ;  the  weight  per  cubic 
foot  is  95.7  pounds;  the  amount  of  silt  is  1  per  cent,  and  the  yield  in 
1:3  mortar  is  1.02.  The  results  of  the  strength  tests  of  mortars 
made  from  these  screenings  are  shown  in  Table  XIV.  An  illustra- 
tion of  this  sample  is  shown  in  PI.  XIV,  A. 
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^H            Eegwier  iYo,  Se^  6'.— The  sample  th^signated  Se.  fi  was  obtaiuet^^™ 
^H        from  a  lead  mine  just  west  of  Jopliiij  Mo,,  where  a  number  of  lead-      H 
^H        Ijearing  veins  occur  in   limestone  of  the   Boone   formation.     The      H 
^H        vem  stuff  or  ^angue  exists  principally  in  the  form  of  chert,  and  in 
^H        the  process  of  separating  the  galena  this  chert  is  i-rushed  into  small 
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105),  the  material  is  very  uniformly  graded  down  to  the  No.  10  sieve, 
but  below  this  there  is  too  large  an  amount  of  fine  material,  more 
than  10  per  cent  passing  the  No.  100  sieve.  In  a  general  way  this 
may  be  seen  in  the  illustration  (PI.  XIV,  B).  The  percentage  of 
voids  is  33.1 ;  the  weight  per  cubic  foot  is  109.5  pounds ;  the  amount 
of  silt  is  7  per  cent,  and  the  yield  in  1 :  3  mortar  is  1.11.  The  results 
of  the  strength  tests  of  mortars  made  from  these  chats  are  given  ui 
Table  XIV. 

Register  No.  Se.  7. — A  second  sample  from  Joplin,  Mo.,  designated 
Se.  7,  was  obtained  from  about  the  same  locality  and  in  the  same  war 
as  Se.  6,  described  above,  but  from  a  different  mine. 

Like  Se.  6,  the  entire  run  of  crusher  passed  the  J-inch  screen ;  but 
this  was  found  to  be  somewhat  finer  than  Se.  6,  53  per  cent  passing 
the  No.  10  sieve,  and  about  6  per  cent  passed  the  No.  80  sieve.  The 
percentages  of  voids  is  36.1;  the  weight  per  cubic  foot  is  102.7 
pounds ;  the  amount  of  silt  is  4.9  per  cent ;  and  the  yield  in  1 : 3  mortar 
is  1.07.  The  results  of  the  tests  on  mortar  made  from  this  material 
are  given  in  Table  XIV  (pp.  109-124).  The  granularmetric  analysis 
curve  is  shown  in  fig.  20  (p.  100)  and  an  illustration  from  photograph 
in  PL  XIV,  C. 

Register  No.  Se.  8. — ^The  material  designated  Se.  8  is  a  sample  of 
the  chats  taken  from  a  mine  just  west  of  Joplin,  Mo. 

Of  the  crusher-run  material  received  at  the  laboratories,  a  very 
small  portion  was  retained  on  the  J-inch  screen,  82  per  cent  passing 
through.  From  the  granularmetric  analysis  curve  shown  (fig.  20, 
p.  100),  it  is  seen  that  the  material  is  not  far  from  uniform  grading. 
It  contains  a  very  small  amount  of  fine  material,  7  per  cent  passing 
the  No.  80  sieve.  The  percentage  of  voids  is  34.6;  the  weight  per 
cubic  foot  is  105.5  pounds;  the  amount  of  silt  is  2.9  per  cent,  and  the 
yield  in  1:3  mortar  is  1.03.  The  results  of  the  strength  test  of  mor- 
tars made  from  this  material  are  given  in  Table  XIV  (pp.  109-124). 

An  illustration  of  these  chats  is  shown  in  PL  XV,  A^  from  which 
the  comparatively  uniform  grading  of  this  material  is  at  once  evident, 
and  there  does  not  appear  to  be  a  preponderance  of  either  large  or 
very  fine  particles. 

Register  No.  Se.  9. — A  sample  of  chats  from  a  lead  mine  near 
Joplin,  Mo.,  procured  in  about  the  same  way  as  Se.  6  (p.  96),  was 
designated  Se.  9. 

The  greater  portion  of  the  entire  run  of  crusher  received  at  the 
laboratories  passed  the  |-inch  screen.  These  screenings  show  a  com- 
paratively uniform  grading,  as  shown  by  the  granularmetric  analysis 
curve  (fig.  21,  p.  102).  The  percentage  of  voids  is  33;  the  weight  per 
cubic  foot  is  108  pounds;  the  amount  of  silt  is  3  per  cent;  and  the 
yield  in  1:3  mortar  is  1.12.     The  results  of  the  strength  tests  of 
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^H         mortars  made  from  these  chat^  are  givHi  in  Table  XIV  (p*  109),     H 
^H         Thij^  sample  is  illustrated  in  PL  XV,  B.                                                    H 
^H             Register  No*  Se.  10, — A  fifth  sample  collected  in  the  Joplin  district     H 
^H         -^vas  designated  Se.  10,     It  is  similar  to  the  chats  previously  descriljed,    H 
^^^^    and  is  a  by-product  of  a  lead  mine.                                                                ■ 
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31.8;  the  weight  per  cubic  foot  is  109.8  pounds;  the  amount  of  silt  is 
4.7  per  cent,  and  the  yield  in  1 : 3  mortar  is  1.11.  The  results  of  the 
strength  tests  of  mortars  made  from  this  material  are  given  in 
Table  XIV. 

Register  No.  Se.  11. — The  sample  designated  Se.  11  was  obtained 
from  a  quarry  recently  opened  in  the  upper  central  portion  of  the 
St.  Louis  limestone,  near  St.  Louis,  Mo.  The  material  was  being 
taken  by  wagons  to  St.  Louis. 

Of  the  crusher-run  material  received  at  the  laboratories  50  per  cent 
passed  the  J-inch  screen.  The  grading  of  the  screenings  is  not  at  all 
uniform,  as  shown  by  the  granularmetric  analysis  curve  (fig.  17, 
p.  94).  Ninety  per  cent  of  the  material  passed  the  Xo.  10  sieve;  00 
per  cent  passed  the  No.  20  sieve,  and  over  20  per  cent  passed  the 
No.  100  sieve.  The  percentage  of  voids  is  42 ;  the  weight  per  cubic 
foot  is  95.5  pounds;  the  amount  of  silt  is  10.1  per  cent,  and  the  yield 
in  1 : 3  mortar  is  1.12.  The  results  of  the  strength  tests  of  mortars 
made  from  this  material  are  given  in  Table  XIV  (p.  109).  This 
sample  is  illustrated  in  PI.  XVI,  A.  The  dirty  appearance  of  the 
stone  indicates  the  large  percentage  of  silt. 

Register  No.  Se.  12. — Sample  designated  Se.  12  was  quarried  in 
the  vicinity  of  Kansas  City,  Mo.,  from  limestone  of  the  Pennsylvanian 
series.  The  material  was  excavated  by  means  of  steam  drills  and  the 
use  of  powder  and  dynamite,  and  shipped  to  Kansas  City.  This  stone 
is  rather  soft,  and  the  large  amount  of  dust  and  small  grains  resulting 
from  the  crushing  is  shown  by  the  granularmetric  analysis  curve  (fig. 
18,  p.  96)  and  by  the  illustration  (PI.  XVI,  B). 

Register  No.  Se.  13. — The  sample  designated  Se.  13  is  a  Pennsylva- 
nian (Bethany)  limestone,  obtained  from  a  quarry  in  Buchanan 
County,  Mo.  The  crusher-run  material  was  obtained  by  the  usual 
methods  of  steam  drilling,  blasting,  and  crushing,  and  the  output 
was  shipped  to  the  vicinity  of  St.  Joseph,  Mo. 

Of  the  entire  run  of  crusher  received  at  the  laboratories  29  per 
cent  passed  the  ^-inch  screen.  The  granularmetric  analysis  (fig. 
19)  shows  that  the  material  approaches  uniform  grading.  There 
are  many  medium  and  coarse  grains  and  very  little  fine  material  in 
the  screenings.  The  amount  of  voids  is  38.2  per  cent;  the  weight 
per  cubic  foot  is  102.2  pounds ;  the  amount  of  silt  is  2.2  per  cent,  and 
the  yield  in  1 : 3  mortar  is  1.04.  The  results  of  the  strength  tests  of 
mortars  made  from  these  screenings  are  given  in  Table  XTV.  This 
sample  is  illustrated  in  PL  XVI,  C.  The  irregular  grading  and  the 
comparatively  large  amount  of  coarse  and  medium  grains  are 
evident. 

Register  No.  Se.  11^. — The  sample  designated  Se.  14  is  limestone 
of  Pennsylvanian  age  obtained  from  a  quarry  in  Jackson  County, 
Mo.  The  usual  methods  were  used  in  quarrying  the  stone,  which  was 
shipped  to  Kansas  City. 


Of  the  entire  run  of  crusher  itK?eived  at  tht^se  lalxiratories, 
cent  passed  the  J-iiioh  screen,  and  the^se  screening  were  found  to 
veiy  uniformly  graded,  as  shown  by  the  gninidarmetric  analysis 
curve  {fig.  21,  p.  102).    The  percentage  of  voids  is  35.8:  tlie  weigh 
per  cubic  foot  is  104,3  pounds;  the  amount  of  silt  is  4,0  per  eeni 
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Fia.  20. — GrADiilsii'triHrlo  anal^^^ls  curveu  for  s(on^  screenftigs  10,  T,  17,  and  8-     Results  for 
aleves  Kob.  JO,  20.  ao.  40*  50,  gO»  find  ItM)  shown  by  «otid  ilm^i    for  F«?rer»  t»-i>sle¥ 
metliod  lij  liroki^n  Uttt^ ;   uoiform-Krade  UB«m  abowm  by  dois  mn^  dn^b^s. 

and  the  yield  in  1 : 3  mortar  is  1-07.  The  results  of  the  strength  tests 
of  nmrtars  made  from  this  material  are  given  in  Table  XIV  (pp,  109^ 
124).  Tlie  illustration  of  this  material  (PL  XVIL  1)  indicate 
the  uniform  grading  of  particles,  from  the  smallest  up  to  the  J-inc 
size,  all  being  [>lainly  visible. 
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^^^H           Of  the  entire  run  of  crusher  received  at  these  kborfttories,  29  p^H 
^^^*        cent  passed  the  j-inch  .screen,  niui  the^^e  screenings  were  found  to  b^ 
^H              very  uniformly  graded,  as  shown  by  the  granuhinnetric  analysis 
^H              curve  (fig,  21,  p.  102).    The  percentage  of  voids  is  35.8;  the  weighjfl 
^H              per  cubic  foot  is  104.3  pounds;  the  amount  of  mlt  is  4,0  per  cet^| 
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Register  No,  Se,  15. — Sample  designated  Se.  15  is  obtained  from  a 
mine  at  Hoffman,  Mo.  Galena  is  associated  with  this  limestone,  and 
the  chats  are  the  calcareous  by-product  noticeably  free  from  chert. 
The  material  is  thoroughly  washed  before  marketing  in  order  to 
eliminate  the  fine  dust. 

The  entire  run  of  crusher  received  at  these  laboratories  passed  the 
^-inch  screen.  The  granularmetric  analysis  curve  (fig.  22,  p.  105)  and 
the  illustration  (PI.  XVII,  B)  show  the  absence  of  any  fine  grains, 
there  being  practically  nothing  finer  than  the  No.  30,  but  the  curve 
approaches  the  uniform-grade  line.  The  percentage  of  voids  is  37; 
the  weight  per  cubic  foot  is  109.5  pounds;  the  amount  of  silt  is  0.5 
per  cent,  and  the  yield  in  1:3  mortar  is  1.12.  The  results  of  the 
strength  tests  of  mortars  made  from  this  material  are  given  in  Table 
XIV  (pp.  109-124). 

Register  No.  Se.  16. — Sample  Se.  16  was  a  by-product  from  a  lead 
mine  in  the  vicinity  of  Bonneterre,  Mo.  It  is  similar  to  Se.  15, 
except  that  the  grading  is  somewhat  different. 

The  granularmetric  analysis  curves  are  shown  in  fig.  18  (p.  96) 
and  the  illustration  from  photograph  in  PI.  XVII,  C.  The  entire 
run  of  crusher,  as  received  at  the  laboratories,  passed  the  J-inch  screen, 
and  about  70  per  cent  of  these  screenings  passed  the  No.  10  sieve. 
The  percentage  of  voids  is  32.1;  the  weight  per  cubic  foot  is  120 
pounds ;  the  amount  of  silt  is  3.7  per  cent,  and  the  yield  in  1:3  mor- 
tar is  1.05.  The  results  of  the  strength  tests  of  mortars  made  from 
this  material  are  given  in  Table  XIV  (pp.  109-124). 

Register  No.  Se.  17. — The  sample  designated  Se.  17  was  obtained 
from  a  quarry  at  Graniteville,  Mo.  It  is  a  red  granite  of  very  close 
texture,  and  geologically  is  of  pre-Cambrian  age.  The  excavated  rock 
is  cut  partly  into  dimension  stones  for  building  purposes,  or  Belgian 
blocks  for  paving.  The  resulting  spalls  are  passed  through  a  crusher 
and  then  through  the  1-inch,  ^-inch,  and  J-inch  screens,  each  size 
being  conducted  to  its  own  bin  by  a  spout.  The  screenings  are 
shipped  to  St.  Louis  or  other  cities  in  the  Southwest. 

Of  the  entire  run  of  crusher,  as  received  at  the  laboratories,  44  per 
cent  passed  the  J-inch  screen,  showing  that  the  three  spouts  men- 
tioned above  do  not  furnish  equal  quantities  of  the  three  sizes.  Ac- 
cording to  the  granularmetric  analysis  curve  (fig.  20,  p.  100)  the 
screenings  were  uniformly  graded ;  this  may  also  be  seen  in  the  illus- 
tration from  photograph  (PL  XVIII,  A).  The  percentage  of  voids 
is  34.7;  the  weight  per  cubic  foot  is  108.8  pounds;  the  amount  of  silt 
is  1.4  per  cent;  and  the  yield  in  1:3  mortar  is  1.13.  The  results  of 
the  strength  tests  of  mortars  made  from  this  material  are  given  in 
Table  XIV  (pp.  109-124). 

Register  No.  Se.  18. — Sample  Se.  18  was  obtained  from  a  quarry 
in  a  bed  of  fossiliferous  "  Niagara  "  limestone  near  Kankakee,  111. 
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^M        The  limestone  in  this  region  varie,s  perceptibly  in  iexLiire,  that  ob-      ' 
^M        tained  in  this  qiuirry  being  probably  the  hardest  and  closest  to  be 
^M         found.    The  stratum  was  b  feet  6  inches  thickj  over  a  length  of  1,800 
^M         feet^  and  contains  a  {-inch  layer  of  soft  argillaceous  stone*    The  rock 
^^^    was  excavatetl  by  means  of  steam  drills  and  the  tise  of  black  powder 
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over  10  per  cent  passing  the  No.  100  sieve  and  9  per  cent  passing  the 
No.  200  sieve.  The  percentage  of  voids  is  39.0 ;  the  weight  per  cubic 
foot  is  103.8  pounds;  the  amount  of  silt  is  7.48  per  cent,  and  the  yield 
in  1 : 3  mortar  is  1.06.  The  results  of  the  strength  tests  of  mortars 
are  given  in  Table  XIV  (pp.  109-124). 

Register  No,  Se,  19, — The  sample  designated  Se.  19  was  obtained 
from  a  quarry  situated  in  dolomitic  beds  of  the  "  Niagara  "  formation 
at  McCook,  111.  The  material  was  excavated  by  means  of  compressed- 
air  drills  and  the  use  of  black  powder  in  blasting.  Part  of  the  ma- 
terial is  formed  into  dimension  and  paving  stones;  the  remainder 
is  passed  through  a  crusher. 

Of  the  entire  run  of  crusher,  as  received  at  the  laboratories,  39'  per 
cent  passed  the  J-inch  screen,  and  of  these  screenings  75  per  cent 
passed  the  No.  10  sieve  and  10  per  cent  passed  the  No.  100  sieve.  The 
granularmetric  analysis  curve  is  shown  in  fig.  17  (p.  94).  The  per- 
centage of  voids  is  39.3 ;  the  weight  per  cubic  foot  is  102.5  pounds ; 
the  amount  of  silt  is  5.0  per  cent,  and  the  yield  in  1 : 3  mortar  is  LOG. 
The  results  of  the  strength  tests  of  mortars  made  from  this  material 
are  given  in  Table  XIV.    This  sample  is  illustrated  in  PL  XVIII,  C, 

Register  No,  Se.  20, — Sample  Se.  20  was  obtained  by  dredging  a 
strip  of  the  Scioto  River  bed  about  500  feet  long  at  Columbus.  The 
material,  as  raised  by  an  endless-chain  device  and  dumped  into  scows, 
is  a  mixture  of  bowlders,  gravel,  and  sand.  The  bowlders  are  passed 
through  a  crusher  and  then  again  mixed  with  the  gravel  and  sand. 

Of  the  entire  run  of  crusher,  as  received  at  the  laboratories,  17  per 
cent  passed  the  ^-inch  screen.  As  indicated  by  the  granularmetric 
analysis  curve  (fig.  21)  only  about  40  per  cent  passed  the  No.  10 
sieve,  22  per  cent  the  No.  100^  and  20,per  cent  the  No.  200.  The 
percentage  of  voids  is  35.2;  the  weight  per  cubic  foot  is  108.5  pounds; 
the  amount  of  silt  is  3.1  per  cent,  and  the  yield  in  1 :  3  mortar  is  1.21. 
The  results  of  the  strength  tests  of  mortars  made  .from  this  material 
are  given  in  Table  XIV  (p.  109).  The  illustration  of  this  material 
(PI.  XIX,  ^4)  does  not  truly  represent  the  grading,  as  all  the  fine 
material  has  settled  to  the  bottom  and  does  not  appear  on  the  sur- 
face. The  large  amount  of  coarse  material  in  this  mixture  is  readily 
apparent. 

Register  No,  Sec.  21, — Sample  Se.  21  is  from  a  quarry  near 
Hillsboro,  Ohio,  and  the  stone  is  of  Silurian  age.  The  rock  was 
handled  by  means  of  compressed-air  drills,  powder,  and  dynamite. 
Two  sizes  are  prepared  for  commercial  purposes.  The  coarser  size 
passes  the  l^-inch  screen  and  is  retained  on  the  J-inch  screen.  The 
smaller  size  passes  the  ^-inch  screen. 

Of  the  screenings,  as  received  at  the  laboratories,  the  entire  amount 
passed  the  ^-inch  screen.  According  to  the  granularmetric  analysis 
curve  (fig.  17,  p.  94)  72  per  cent  passed  the  No.  30  sieve  and  30  per 
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cent  the  No.  100  sieve.  The  percentage  of  voids  is  41 ;  the  weight  per 
cubic  foot  is  97.4  pounds;  the  amount  of  silt  is  3.1  per  cent,  and  the 
yield  in  1 : 3  mortar  is  1.14.  The  results  of  the  strength  tests  of  mor- 
tars made  from  this  material  are  given  in  Table  XIV  (pp.  109-124). 

From  the  illustration  of  these  screenings  (PL  XIX,  B)  the  very 
small  amount  of  coarse  material  and  the  exceedingly  large  amount 
of  fine  material  is  readily  apparent. 

Register  No.  Se,  22, — Sample  Se.  22  belongs  to  the  Monroe 
formation,  found  in  the  vicinity  of  Greenfield,  Ohio,  which  was 
being  quarried  and  shipped  to  Cincinnati.  The  quarry  has  a  length 
of  about  500  feet,  and  the  rock  was  blasted  by  means  of  black  powder 
and  an  explosive  known  to  the  trade  as  "  rack-a-rock."  The  J-inch 
screenings  removed  from  the  crusher-run  material  are  used  for  mortar 
purposes,  and  the  material  above  one- fourth  inch  and  below  2  inches 
is  used  for  concrete. 

Of  the  i-inch  screenings,  received  at  the  laboratories,  about  15  per 
cent  passed  the  No.  100  sieve  and  10  per  cent  passed  the  No.  200 
sieve.  According  to  the  granularmetric  analysis  curve  (fig.  19,  p.  98) 
the  screenings,  aside  from  the  large  amount  of  fine  material,  are  uni- 
formly graded.  The  percentage  of  voids  is  37.5;  the  weight  per 
cubic  foot  is  106.3  pounds;  the  amount  of  silt  is  1.1  per  cent,  and 
the  yield  in  1 : 3  mortar  is  1.14.  The  results  of  the  strength  tests  of 
mortars  made  from  these  screenings  are  given  in  Table  XIV  (p.  109). 
The  comparatively  large  amount  of  fine  material  and  the  presence  of 
grains  of  all  sizes,  from  the  smallest  up  to  the  J-inch  size,  is  readily 
apparent  from  the  illustration  (PI.  XIX,  6^). 

Register  No.  Se.  23. — Sample  Se.  23  is  a  Devonian  limestone  ob- 
tained from  a  quarry  at  Casparis,  Ohio.  It  is  very  much  foliated, 
and  is  practically  the  blanket  side  of  the  quarry,  which  is  8,000  feet 
long  by  65  feet  high.  The  material  is  obtained  by  means  of  air  drills 
and  dynamite,  and  is  marketed  in  Illinois,  Indiana,  and  Ohio.  The 
crushed  stone  is  passed  over  ^-inch  screens  and  the  material  that 
passes  these  screens  is  sold  as  screenings. 

All  the  particles  of  this  sample  as  received  at  the  lalH)ratories 
passed  the  J-inch  screen.  They  are  very  uniformly  <]:rade(l,  as  shown 
by  the  granularmetric  analysis  curve  (fig.  21,  p.  102).  The  percent- 
age of  voids  is  38.2;  the  weight  per  cubic  foot  is  99.7  pounds;  the 
amount  of  silt  is  3.5  per  cent,  and  the  yield  in  1:3  mortar  is  1.06. 
The  results  of  the  strength  tests  of  mortars  made  from  these  screen- 
ings are  given  in  Table  XIV  (p.  109).  The  appearance  is  shown  in 
PI.  XX,  A, 

Register  No.  Se.  24- — Material  designated  Se.  24  is  a  dolomitic 
limestone  in  the  Monroe  formation  (Silurian)  from  a  (luarryat  Silica, 
about  4  miles  from  Sylvania,  Lucas  County,  Ohio.  The  "^tone  is  (|uar- 
ried  from  an  open  face  by  means  of  dynamite,  and  the  material  is 
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handled  automatically,  crushed,  and  passed  through  1-,  2-,  and  3-inch 
screens.  On  this  account  no  crusher-run  material  was  available. 
After  screening,  the  material  is  washed.  This  company  has  a  most 
elaborate  plant  for  storing  and  handling  the  various  products,  the 
conveying  and  handling  machinery  being  similar  to  that  used  in  the 
handling  of  coal. 
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DIAMETER  OF  PARTICLES  IN  INCHES,  WITH  NUMBERS  OF  SIEVES 


Vu 


— Granularmetric  analysis  curves  for  stone  screenings  6,  4,  15,  5,  and  24.  Results 
for  sieves  Nos.  10,  20,  30,  40,  50.  80,  and  100  shown  by  solid  lines ;  for  Ferefs  two 
sieve  method  by  broken  lines ;  uniform-grade  lines  shown  by  dots  and  dashes. 

According  to   the  granularmetric   analysis   curve    (fig.   22)    tliis 

material  is  rather  uniformly  graded.     This  is  also  ilhistrated  in  PI. 

XX,  B.    The  percentage  of  voids  is  41.8:  the  weiglit  per  cubic  foot 

is  101  pounds;  the  amount  of  silt  is  1.1  per  cent,  and  the  yield  in  1 :  '^ 
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mortar  is  1.12.  The  results  of  the  strength  tests  of  mortars  made 
from  this  material  are  given  in  Table  XIV  (pp.  109-124). 

Register  No,  Se.  25, — A  sample  from  Sibley,  Mich.,  was  designated 
Se.  25. 

According  to  the  granularjuetric  analysis  curve  for  this  material 
(fig.  19,  p.  98)  it  is  very  uniformly  graded,  and  about  16  per  cent 
passes  the  No.  100  sieve.  The  percentage  of  voids  is  33.8 ;  the  weight 
per  cubic  foot  is  110.3  pounds;  the  amount  of  silt  is  16.3  per  cent. 
The  results  of  the  strength  tests  of  mortars  made  from  this  material 
are  given  in  Table  XIV  (p.  109).  The  sample  is  illustrated  in  PI. 
XX,  (7. 

PHYSICAL    TESTS   OF    STONE    SCREENINGS. 

Method, — When  a  sample  of  broken  stone  is  received  at  the  labora- 
tories it  is  spread  on  a  concrete  floor,  and  turned  at  frequent  inter- 
vals, so  that  it  will  thoroughly  dry.  It  is  then  passed  over  a  J-inch 
screen,  and  the  material  that  passes  the  screen  is  used  in  the  mortar 
tests.  The  material  retained  on  the  J-inch  screen  is  discarded.  The 
portion  to  be  used  is  tested  for  granularmetric  composition,  percent- 
age of  voids,  specific  gravity,  weight  per  cubic  foot,  and  percentage 
-  of  moisture.  The  results  of  these  determinations  are  given  in  Table 
VIII  (p.  59).  The  percentage  and  chemical  analysis  of  silt  are 
given  in  Table  X  (p.  77). 

Granularmetric  analysis. — The  set  of  sieves  for  the  granularmetric 
analysis  comprises  those  with  10,  20,  30.  40,  50,  80,  100,  and  200  open- 
ings per  linear  inch. 

Granulannetric  cuvvrs, — The  granularmetric  analysis  curves  are 
shown  in  figs.  17-22,  the  ordinate  at  any  sieve  being  the  total  percent- 
age that  passes  that  sieve,  and  not,  as  in  Table  VIII  (j).  59),  the  per- 
centage retained  by  the  sieve.  Starting  with  the  curve  of  the  screen- 
ings having  the  largest  amount  of  fine  material  (Se.  21),  at  the  top 
of  fig.  17  (p.  94),  these  curves  are  arranged  in  consecutive  order,  end- 
ing with  the  curve  of  the  screenings  having  the  largest  amount  of 
coarse  material  (Se.  24),  at  the  bottom  of  ^^^.  22  (p.  105). 

The  granularmetric  analysis  curves,  as  determined  by  the  standard 
sieves  previously  referred  to,  are  given  in  solid  lines.  In  order  to 
illustrate  the  diiference  Ix^tween  this  method  of  analysis  and  the  two- 
sieve  method  proposed  by  M.  Feret,  the  curve  representing  the  analy- 
sis by  the  latter  method  is  plotted  on  the  same  chart  in  broken  lines. 
Below  the  two  curves  just  described  is  given  the  uniform-grade  line 
in  dots  and  dashes.  From  the  finest  to  the  coarsest  screenings  the 
curves  have  been  arranged  in  the  order  of  the  size  of  the  segment  in- 
cluded between  the  granularmetric  analysis  curve  and  the  uniform- 
grade  line. 

Coniparison  Ixtirctn  nwasinrd  and  compufid  voids. — In  order  to 
determine  the  accuracy  of  the  method  of  void  determination  used  at 
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strengtir  of  mortars  made  from  those  samples  having  lesser  voids 
is  greater  than  the  strength  of  mortars  made  from  those  in  which  the 
voids  are  greater. 

Compressive  strength, — The  results  of  the  compressive  tests  on  1 :  3, 
on  1:4,  and  on  1 ;  3  one-size  stone-screenings  mortar  are  given  in 
Table  XI V6  (p.  115).  The  values  in  this  table  are  in  pounds  per 
square  inch  and  are  obtained  by  dividing  the  total  breaking  load  by 
the  area  of  cross  section  of  a  2- inch  cube. 

As  in  the  case  of  tensile  strength,  there  is  a  slight  indication  that 
the  strength  of  stone-screenings  mortar  is  greater  for  a  sample  for 
which  the  granularmetric  analysis  curve  is  close  to  the  uniform  grade 
line  than  for  one  for  which  the  granularmetric  analysis  curve  is 
farther  removed  from  that  line.  In  addition,  the  strength  appears 
to  increase  with  the  decrease  of  voids. 

Transverse  strength, — The  results  of  the  transverse  tests  on  1 : 3,  on 
1 : 4,  and  on  1 : 3  one-size  stone-screenings  mortar  are  given  in  Table 
XI V(?  (p.  121).  The  values  given  in  this  table  are  moduli  of  rupture 
in  pounds  per  square  inch.  At  the  time  of  writing  not  all  of  the  360- 
day  transverse  test  pieces  have  been  tested,  and  it  is,  therefore,  im- 
possible at  this  time  to  complete  the  tables  giving  the  results  of  the 
tests.  This  is  due  to  the  fact  that  the  transverse  molds  did  not  arrive 
until  some  time  after  the  other  test  pieces  had  been  made.  A  study 
of  the  table  shows  that  tlie  transverse  strengtli  gradually  increases  up 
to  90  days  in  almost  every  case.  Beyond  this  the  strength  does  not 
vary  much  to  860  days,  in  some  cases  increasing  and  in  some  cases 
decreasing  slightly. 

Summary  of  stont'-screcnings  mortar  tests, — In  general,  more  con- 
fidence can  be  attached  to  the  tests  of  the  older  test  pieces  than  to 
those  of  the  earlier  test  pieces.  In  the  case  of  homogeneous  materials 
the  results  of  tests  of  difl'erent  mortars  at  the  same  age  should  be 
somewhat  uniform  or  should  follow  some  general  law,  such  as  that 
observed  in  the  case  of  sands  where  the  position  of  the  granular- 
metric analysis  curve  was  seen  to  indicate  the  comparative  strength 
of  the  mortars.  In  the  investigations  on  stone  screenings,  however, 
since  the  stones  were  obtained  in  many  ditlerent  places,  the  results  of 
the  tests  on  test  pieces  of  the  same  age  are  not  consistent.  It  can  not 
be  said  that  any  definite  law  can  be  given  by  means  of  which  the 
strength  of  stone  mortar  can  be  approximately  foretold  by  the  me- 
chanical conditions,  since  the  strength  of  the  stone  from  which  the 
screenings  are  derived  has  much  to  do  with  the  strength  of  the  mortar. 
Almost  the  same  difficulty  was  found  with  stone-screenings  mortars 
as  with  gravel -screenings  mortars  (j).  ss)  :  that  is,  the  tendency  of 
the  cement  to  concentrate  at  one  or  more  parts  of  the  sections.  This 
was  noticed  principally  where  the  material  was  composed  of  large 
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-grains.     The  results  of  the  tests  of  pieces  in  which  this  took  place 
were  very  discordant. 

The  solid  stone,  obtained  from  the  same  quarry  and  the  same  bed 
from  which  the  crushed  stone  is  collected,  is  bein^  tested  for  its 
physical  properties.  The  results  of  these  tests  (which  are  to  aiyi)ear 
in  another  bulletin  discussing  the  constituent  materials  of  concrete) 
may  afford  a  basis  for  the  comparison  of  the  relative  value  of  mortars 
made  from  stone  screenings. 

Density* — The  density  of  mortar  made  from  each  sample  of  stone 
screenings  was  determined  in  order  to  ascertain  its  relation  to  the 
other  physical  properties,  and  to  see  if  the  strength  of  mortar  can  be 
approximately  foretold  by  the  density.  The  density  of  1 : 3  stone- 
screenings  mortar  and  the  relation  between  the  density  and  other 
physical  properties  of  stone  and  mortar  are  given  in  Table  XII 
(p.  79).  In  column  1  are  given  the  register  numbers  of  the  stone 
screenings  used  in  the  mortars  whose  densities  are  given  in  column  2.* 
The  densities  are  ranged  consecutively,  with  the  largest  value  at  the 
top.  For  purposes  of  comparison  the  number  of  the  granularmetric 
analysis  curve  for  each  sample  of  stone  screenings  is  given  in 
column  3.  The  numbers  start  with  No.  1  for  Se.  21  (at  the  top  of 
fig.  17,  p.  94)  and  end  with  No.  25  for  Se.  24  (at  the  bottom  of 
fig.  22,  p.  105).  The  percentage  of  voids,  weight  per  cubic  foot,  and 
the  tensile,  compressive,  and  transverse  strengths  of  the  correspond- 
ing mortars  at  180  days  are  given  in  columns  4-8.  It  can  lx»  seen 
that  in  the  upper  part  of  the  table,  where  the  values  of  density  are 
greatest,  the  percentages  of  voids  as  a  rule  are  least  and  the  weights 
per  cubic  foot  and  the  strengths  are  greatest,  and  at  the  bottom  of  the 
table  the  opposite  is  true. 

Table  XI Vn. — T^nMilr  Mtrrngtfi  of  the  mortnrH  nf  Z't  nUmv  arrrfnitif/x. 
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Table  XI Va. — Tensile  strength  ofth^  mortars  of  25  stwie  screenings — Continued. 
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Table  XI  Va. — Temtile  strength  of  the  mortnrn  (>f  ^5  intone  nfftrnlnffi^ — Continne<l. 


Regis- 
ter 
No. 


Se. 


Se.  9. 


Ratio  of  cement  to  |  v4«i,i 
screeningH.         ■  **^'"- 


Cement 
No. 


Se.  6.. 


Average . 
1:4 


I 


Temperature   '  I 

("t"-).  ;  Wrttt-r 

(per 
cent),  I 

9.,! 


Water.      Air. 
79-3         66.9  I       53  2 


79-S         (WS.8  ,       VS.  2 


Average .. 
1:3  (8ifte<l) . 

Average . . 
1:3 


7         2fl    I     00    I    180   ;  r^RO 
li&ya.  da^a.  |  d&y&  |  dayif . ,  dsifju 


I 


377  ;  600  I 
400  645  ! 
388   660 


J I i 

!       79-12         71.6         r>S.0  I        S.< 


413  i  580  j 
439  567  I 
385       591 


352  490 
335  470 
350       495 


Average  . 
:4 


Average.. 
1:3  (sifted)  . 


Average . 
fl:3 


Average . 
1:4 


Average . . 
1:3  (sifted)  . 


Average . 
1:3 


Average . 
1:4 


Average . 
1:3  (sifted)  . 

Average . . 


1.07  79-3         6<i.9         53.2 


79-8  I       65.  S         ti6.2  |        S.4 

i 


79-12         71.6         68.0 


.03  79-1  '       68.0         59.3 


79-9  .      63.6         51.4 


79-1  :^         70.5         68.0 


1.12  i         79-4 


357 
a50 


8.9 


68. 0         .59. 3  9. 1 


I ' j 

79-9  I       «W.6         51.4  K.4 

I  i 


79-13  70.5  1       t}8.0  I         H.  9 


515 
517 
547 


518 
526 


425 
430 
460  : 


330  360 

335  330 

3-25  325 

330  335 


531 

386 
418 
403 

402 

270 
290 
280 


684 
633 
683 

r>67 


412  594 

409  599 
400  '     570 

407  588 

365  420 

340  400 

330  395 

;M5  4a5 


630 
•  ;  694 
550   637 


654 

550 
511 
510 


395 

;«7 

390 


7-25 
790 
800 


745 
756 
750  I 


790  i  692 
743  700 
726  


753  I  696 


500 
590 
W2 


630  I 
620 


346   485   M3  ,  625 


370 

616 

660 

650 

655 

382 

585 

652 

690 

586 

336 

600 

718 

690 

649 

3<'»3   600   677  [  677 


592 
520 

658 


400 
370  I 
365  ' 


786 
790 
728 


695 
6-27  i 


452  ; 

433  I 


796 
780 
805  I 


768   793  , 


697 
678 

720 
750 

678 

743 

675 
556 
540 

472 
474 
452 

557 

466 

7:«) 
792 
799 

787 

8:^5 
826 

774 

816 

648 
586 
660 

775 
700 
771 

631 

749 

410 
365 
410 

4«9 
440 

:^95 

4<->4 

637 
664 
700 

r.67 

715 
705 
724 


495 
506 
478 


533 
532 
527 


374 
380 


7r)6 
790 

7^ 

111 

623 
618 
611 

617 

415 
411 
452 


722 
720 
738 


()02 
6-20 
618 


:i87 
346 
;i52 
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TESTS  OF  MATEBIALS  €^  CEMBKT  M0BTAB8. 


Tablb  XlVa. — Tenmle  tirengih  of  the  morUxn  oftS  9i€fne  4creetiM^9---Ooiitiiiii6d. 


S»*.  JO.. 


d«.ii. 


Be.  12. 


IS* 


Rntlo  of  cvmcnt  tfi 


III. 


1:4.. 


\\i%  (Blltod) . 


/fcS „„ 


l:3{Bihed)  . 
Ii3 


Aremge. 

1:4 


A  V€fmgi^  * , 

AvefWie.. 
1:8 


1:4.., 


Yield. 


l.U 


LIS 


i.ia 


.(M 


Nil. 


79'4 


W-« 


1^1-13 


7i^ 


79-10 


TIh-U 


7»n5 


7»*10 


Water. 


«lO 


0>.« 


THIS 


fi&S 


fitt.S 


71. « 


fW.S 


fiV.S 


79-14      ■  71. fl 


Ti-b       eit.2 


79-10       m,% 


79-14        7L6 


Air. 


flIvS 


51.4 


oao 


IHll 


60.4 


SI  a 


A6.1 


«9.4 


B6,D 


SA.l 


eft.  4 


e^o 


9,1 


i.4 


%\ 


TemiJe  strength  Ipotiiidfl  per 


7     I    28 


*70 

m 

B42i 

489 

m 

i9S 

440 
4W 

<7e 

SOA  I    AQB 


Wl 


Sen     *^ 


90 
dayi. 


ao5 

T7S 

iis 
my 


aif^       4R*S       fiD) 
340       455       £^ 


a.9 


9,1 


S,3 


S.9 


9.1 


8.  a 


Bu9 


22$ 


440 


I6L 


42t,      586 


5M 


4£ft 


£50 


Sl£ 


liC9 

41Q 
42Q 
418 

ilG 

47B 
4&<l 
500 

47d 

744 

713 
7li> 

734 


«67 
639 


6S4 

719 
7fi« 

752 

610 
dOO 

(^ 
«45 

oao 


ISO    seo 

diLj%  diLys^ 


770 

77fil 
7!ie  I 

7*7  I 

in 

4IIN 
4H1 

630 
540 

J>4»  ;     e&l 


470  ' 

in 


wo 

jy!» 
7iri 

nr 

€73  ' 
tf74 

701 
711 
«S7 
70B 

«10 
771 

tiOV 

«7S 
759 

tm 
7as 

724 

7m 


720 
687 
713 
706 

&79 


3^ 


ai5 


4li 

435 
424 


I 


r*cs 

Ml 

608 
«20 

ei3 

SIS 

«7S 
68t 


«7fi 

TOO 
ASS 

€7S 
70(i 

etn 

^1 

fiifi 
«^ 

642 
639 


G3a 
etifi 
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Table  XI  Va. — Tensile  strength  of  the  mortars  of  25  stone  stcttMningti — Continued. 


Ratif)  of  remeni  to 


We.  1i* 


1:3. 


yield. 


1.07 


Avera^ . 
1:1. ,«,..„ 


Se,  ZJh, 


Avera^.. 
1:3  Siifled^  . 

Avcfagi? . . 
1:S -„ 


I 


No. 


7«-lfl 


Temperatt: 


Water. 
71.  fl 


J 


1:1 , 


79-20  I     09.  n 

j !.__„ 

1.  W         1^2V         70.  (> 

i 


7i>-aa      7i.fi 


Averege. 


1:3  (pilted)  .„...„L.„...J      79^23        71,2 


Avenge. 


I 


l,Oli         711-21  .      70.6 


Arenig* . 
1:4 


Air. 


AYera«:e . . 
1:3  (Rifted) . 


Se.  17.. 


Average . 
1:3 


Average . 
1:4 


Average . . 
1:8  (sifted). 

Average. . 


79-18         69.0 


136^ 


S».7 


Water 
eeni). 


i».0         8.:i 


lJ7.fl  K^ 


fA.^  I       ft.» 


im,2       an, 


ea.a 


'       8.8 


M.3 


K.« 


Tem<j]«fttreDgth  (pounds  per 
Hqtmi^  inch]'. 


79-22         71.6         r>8.2  8.3 


79-24         70.7         52.0  '        8.9 


1.13         79-16  I      71.6         {»9.7  I        8.! 


7 
daya. 

2S 
days. 

e>2 
fl7« 

6"i0 

90 
dayh. 

180 
tlttyB. 

360 
darsi. 

4S8 

7MS 
776 
730 

666 
B4fi 
6B0 

579 
6«9 
600 

Wl 

&lti 

744 

tm 

i»23 

449 

665 
674 

640 
710 

566 

560 
691 

63^2 
696 

ia? 

G6S 

fl82 

569 

074 

420 

aoo 

600 
MO 

620 
5*40 
66e 

4S0 
440 

4Sfi 

621 
500 

4W 

617 

m. 

468 

5S7 

930 
fitJO 

674 

r>20 

600 
574 

645 
675 

6BB 
692 
740 

608 

69& 

696 

000 

706 

300 
230 

861 
332 

460 
470 

56.T 
690 

410 

m 
tn 

*m 

35S 

460 

578 

446 

»00 
SiI8 

427 
IfiO 
46S 

440 
4^ 
4&« 

386 
330 

490 
446 

460 

312 

418 

439 

370 

i^ 

430 
480 
473 

717 

7-i& 

TOO 

800 

76& 
7fi4 
771 

m 

«70 

842 

4til 

721 

787 

7*7 

»5e 

380 
371 
396 

ft65 
570 

730 
726 

7(>1 
680 
700 

756 
741 
739 

382 

JJ79 

717 

tm 

745 

300 
320 
300 

417 
41^ 

430 
400 
460 

442 
425 
400 

357 
364 
406 

307 

423 

427 

442 

376 

420 
424 
882 

650 
.■iao 

1515 

nio 

mi 

570 
5^ 

522 
561 
522 

409 

537 

611 

665 

-vts 

371 
360 
846 

J50 
435 
447 

42.5 
450 
386 

448 
400 

137 
456 
437 

3d9 

4W 

420 

424 

143 

232 
260 
241 

300 
31$ 
&41 

337 
308 
380 

42.'j 
370 
4^ 

487 
473 
634 

244 

3-29 

372 

411 

49B 
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TESTS   OF    MATERIALS    OF    CEMEKT    MORTARS. 


Table  XI  Va.  —  Tensile  strength  of  the  mortars  of  25  starve  screenings — Continued. 


Regis- 
ter 
No. 


Se.  18. 


Sc.  21  . 


Ratio  of  cement  to 
screenings. 


Yield. 


Avemgc , 
1:4 


Average . . 
1:3  (sifted)  . 


Se.  19..|^ 


Average . 
1:8 


Average . 
1:4 


•  Average . . 
1:3  (sifted)  . 


Average  . 
1:H 


Average . 
1:1 


Average  . 
1:3 


Cement 
No. 


79-25 


79-19 


79-19 


Temperature 


Water. 


71.6 


Air. 


73.4 


73.4 


Water, 
(pel 
cent  .. 


8.& 


7         *Ja        90 
dH>'f<^.  dAyi,  ^la^B. 


8.e 


74.8 


66.2 


8.3 


67. 6  8.  9 


70. 0         70. 4  8.  SJ 


-:i^>         70.0        70.4  I        8.3 


&70 
8B1 


323 
3W 
340 

448 
440 

448 

45o 
MO 
&O0 


400 
40.'i 
376 


456 
46fi  I 

4.%'i  eel 

SIT  47lJ 

a49  AU 

SOU  400 

n^  410 


fk30 
64^ 
534 

41^ 
425 

45S 

434 

634 
610 

629 


666 

&80 
600 
560 

5^ 

670 
673 
640 


1.11         7<>-:il  70.7         70.0  8.9 


Average 
1:4 


79-;il  70.7  I       70.0  8,3  I 


Average .. 
1:3  (sifted)  . 

Average  .. 
l::i 


7«.>-31  70.7         70.0  8.9 


-Vvomge  . 


1.  14  79-:U  C)^.  s  »".'.».  s  M.  9  i 


'.»-;54       fi'.^.  s  '     09. 8        vS.:-5 


410 
425 
130 


f)'J8 
5(« 
497 

509  I 

4*JK  I 
442  I 
470  I 


640 
6&4 
620 

641 

fi>QQ 
555 
552 

552 


IW    I   360 


750 
696 
747 
731 

690 
682 
710 


785 
725 
735 

748 

558 
547 

560 

527 
Am 
U\ 

510 

K^ 
GOO 
610 


5r,o 
5:io 


t>85 
720 


618 
600 

623  I 
530  ' 

560 ; 

54.'S 
&4£ 


725  ;  762 

709  7&0 

675  \  730 

703  '  744 


750 
82ir 
ti£>U 

n5  I 
603  I 
660  ' 


804  , 
B05 
796  I 
801 

495 
485 

505  I 
476 


470 


420  r^  <i30  70S  \ 

100  ^}24  GOO  660  I 

437  554 

4I&  .T^M  623  eea ' 

li 

350  4tX}  f>4H  570 

345  Wi  670  &40 

355  455  560  ,  560 

350  458  559  557 


515  621  636 

525  657  I  650 

535  665  I  681 

525  048  655 

r.03  800  a50 

<i45  853  924 

(ilO  845  998 


Avt-riige I ! 447 


740 

712 
70B 

720 
650 

fm 

639 

G40 
631 


742 
843 
008 

8Ifi 

823 
343 

771 
810 
792 

79L 

610 
562 
5fi6 

57« 

510 
474 

4«Z 

ear 

066 

027 
820 
692 

613 

748 
764 
760 

754 

902 
936 
942 

927 

770 

782 


783 
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Table  XlVa. — Tensile  strength  of  the  mttrtars  of  26  sUme  screen in(jy — Continued. 


S*-. 'i:i.. 


ftrN 


Water 


Se.24. 


mi*<        «9.fl  I      06.2  s.S 


Average . 


JSi-KI  I      71.  fl         71. li  SJ 


Average 

I:-!.. 13«.4ft 


Avpinge ....,,, *.... 

Ii3(sjit*si) .---. IJCLJO 


71. «  I 


Awnige  . 


71. «  I      71. A  i.!» 


Tenidl€ xtTfTigtU  ipauEidg  pc^r 
Hquarc  Idcd). 


7         2#i 


S12 
373 


88U 


331 


I3S 
412 

419 

*79 

277 
a87 
»4,i 


4!^ 
4&7 

4ai 

4J^ 

100 
423 

372 
3^ 
S60 

3^ 

WO 
620 

55» 
GOD 

49a 

426 
»83 
3ft5 


90        IW      360 
ilayft.  dxiye.  diiys. 


542 
500 
fi2& 


50U 
512 


41& 
44,7 


430 

53» 
650 
591 

em 
tm 

MO 
01  & 

mi 

607 

600 
5||» 


^1 
615 
561 

5ao 

500 

j:ios 

S50 


7S0 
715 

4ft7 
4ia;5 
4^ 

4a» 

1>56 

655 
720 
722 


630 
«25 
6ptO 


560 

571 
573 

450 
481 


4ri5 

701 
738 
768 

731 
678 

m 

466 
491 


7ia 

731 

7ia 

651 
390 
6T4 

372 

545 
ft4S 
6U2 

ri64 


Table  XI V6. — Compresshe  strength  of  the  mortars  of  2')  stone  screenings. 


Regis- 


r°,     i  Ratio  of  cement   vi«i/i  i  Cement 

t<?r  t/^Br.r«*»nin«r«b       Yield.  Vr. 


Temperature 

(°F.). 


No.  a 


to  screeninga.b 


No. 


Water.'     Air.      ^^'"^^- 


'  Compressive  strength  (pounds  per 
Water  ;  square  inch), 

(per 


8e.  1... 


1:3  . 


•| 


79-1         69.0         08. 7  H.9  !  2,375 

:  2,650 

:  2,637 

Average ' 2, 554 

i  I  i  !  , 

:4 1        79-8         71.6         6M.2  8.3     1,862 

I  ,  1,987 

I  ,  2,000 

Average, i ' 1.949 


1:3  (sifted) . 


I 


79-15 


69.8  • 


70.0  I 


Average . 


«.9  1,175 
1, 152 
1,287 

I  1,205 


28 
days. 

90 
days. 

3,680 
3,950 
3,620 

4,740 
4,795 
5,038 

3,717 

4,868 

2,337 
2,262 
2,100 

3,436 
3.476 
3,400 

2,233 

3,437 

1,617 
1,640 
1,467 

1,716 
1,500 
1,670 

1,541 

1,628 

180        360 
days.   days. 


458  6,000 
073  5,662 
....    5,327 


6,263  j  5,663 


3,703 


4,875 
4,250 
4,760 

4, 625 

2,750 
2,400 
2, 575 


2,239  !  2,576 


a  For  details  of  field  origin  of  samples  of  stone  screenings  see  pp.  93-106. 

b  In  tests  marked  "sifted"  the  stone  screenings  used  were  through  No.  10  and  over  No.  20  size. 
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TESTS   OP    MATERIALS   OF    CEMENT   MORTARS. 


Table  XIV6. — Compressive  strength  of  the  mortars  of  25  stmie  inTe€7itntj» — Continued, 


flqauLre  Inch). 


day5.    daysL    diiyft.    days. '  day*. 


4,1B& 
l,5C0 

4,410 

3,312 

3,717 
&,&^ 


2.409 

5p436 

5,775 
6,e7ft 

■1,338 
4,838 
4,475 

1,384 

1,766 

1.760 
1.8SS 


6.4y0 


a,4r^ 

;^,  t)7h 


4,2ia 

4A^ 


2,018 
lil^73 

2.<m 


;i,7L^  ,  MiHI     7^200 

^1.4(12  1  fi,r>17     t»,9^i5 
7,(1*« 

i,ii:i<j  '  2.1+71     i^iiti 


fi,50S 
5,066 
6,251 

4,070 
4.S70 

1,320 
4,263 

2,960 


2,88a 

6jy3 

6,«18 
6,50[» 

M93 
6,il20 

4,»7& 

6,029 

2,250 
2,413 
2,!i^ 

2,3^ 

8.S00 
8,ftU& 

8.&44 

4,176 
S,eOH 
4,193 
4,0^i 


4,9&l 
2,475 


2,60t) 
2,488 


6,467 
5,3i0 

5»467 

4,C40 
6.12& 
4,800 

4.j^ 

2. 775 
2,lf00 
2.636 


6,100 
5,877 
6*270 

6,010 

5,27* 
6.0JJa 

4,yid$ 

5,106 

2,900 
2,650 
2,8Q& 

2.T5B 

7.855 
7.376 
f<,l»5 

7.fl06 

6.1^ 
5,040 

4,901 


4,91')   5.eao 

4,393  6,15A 
5,S40 
6,19S 


4,400 
4.250 
4,225 

4,2»2 


8,160     S,g75 
H,445     S.I37 

S,  MS  '  ^,  H.^ 


.^,  313 
:i,143 
U,  570 

5,342 


5,37S 
5,4(10 


STONE-SCREENINGS   MORTARS. 
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Table  XI V//. — Comprestfdre  strength  of  the  mortars  of  25  stoiie  n(T€entn^» — Continued, 


Regis- 
ter 
No. 


Ratio  of  cement 
to  »creeTiJttjir«. 


Se.  7... 


1:3. 


1:4 -. 


A  venqrt* . . 
1:S  i>lftt^(lf. 


A  vemge , 


Sc.  H. 


Avi'nvge  - 


Avi*™^  -^ 


8e.  9.. 


Avermgc 
l.-SCH^rted) 


A  \'eTttgc . 


8e.  10.. 


:3 


AverpLgic  . 
1:4 


Yield. 


i.m 


Cement 
No. 


7M 


79-1  (j 


lAm        n-A 


1.12  7^ 


.        Ty-ll 


l.U  ;        Tfla 


l^Vl 


Avctn^v  .„. - 

l:a(«lfttHl)  ..._ I      7JH7 


Se.  11. 


1:3,-,...... 


l.U 


79h5 


Av*rra^, 
1:4 - 


7^12 


Ttfi 


Wftiejp.      Air. 


lip.  A 


(per 

Ctitlt). 


70.?' 


70.  fl 


71. (t  I      fiKO\ 


Tii  1 ,    aT.a 


5fi,0 


T0.2  I      09»a 


70.  a  1 


fiHufk 


60.  S 


1:8  i«lftw|). 
Aveiaffa . , 


79-n 


I      i 


ist|uare  Lot^h). 


8,» 


K9 


1.813 


B37 
9<H 

»50 
927 

X775 
Z.7fl7 

2,841 

1.392 
1,306 

1, 4m 

1,382 

2.37S 
2.SM0 
2,400 
2,3Hfi 


H.3  <  l,ai2 
I  1.  4»fi 


8,0 


N.9 


fi,3l 


K.» 


8.9 


S.3 


750 
837 

a,7W 
i.f)20 


2,fil0 

7% 
750 
746 

7B4 
9i37 

my 
mi 

l.OUO 
1,120 
1,127 

I,Q82 
90& 

i,a25 

1,712 
1,500 

1,613 


2S 
tUyaL 

90 

2,787 
i,062 

2,m 

4,3Se 
4,5(20 
4,420 

2,TS8 

4.433 

1,682 
l,63tt 

2,2S0 

1,64a 

2,303 

1,162 
1,042 
1,136 

1,250 

1,119 

1,197 

4,27fi 
4,476 

5,625 
ft.rjOO 
5,417 

4,2QB 

5,514 

2,S00 
2,86& 
2,597 

3,250 
3,32& 

2,751 

3,3&S 

4,075 
4,350 

5,32-5 
5,212 

4,1S7 

5,:^ 

i  2,700 
2,517 

a,  500 

3.  ids 
3,738 

2,579 

a,  568 

1,075 
1.087 
1,180 

1,225 
1,350 
1,33^ 

1,081 

i.aoi 

3,737 
9,450 
^,450 

4,582 
4,670 
4,900 

3,546 

4,717 

2.097 
2,090 
1,960 

2,^ 
2,475 
2,250 

2,019 

%m 

1.000 
1,112 
1,000 

1,860 

i,9'i:j 

i.mi 

1,88ft 

2,000 
2,166 
2,000 

3,155 
2,9-25 
2,925 

2,fm 

3,002 

1,540 

1,603 
1,4^10 

2,83S 
2.225 
2,075 

1,&47 

2,213 

'2,'276' 

3,32.5 
3,513 
3.513 

%m 

^,450 

5,323 
5,50et 
5,000 
5,279 

2,265 
a,  318 
2,475 

2,353 

1,413 

1*625' 

1,46D 

5,945 
3,  GOD 
6,475 

6,307 

4,5H6 
4,700 
4,450 

4,612 

6,113 
6,8.'^ 


4,;»8 
4,300 
3,768 

4,OfiO 

1,310 
1,250 
1,876 

1,^2 


5,4«( 
5,5H0 
5, 137 

5,402 

3,175 
3.300 
3,100 
3,192 

1,600 
1,375 
1,650 

1,S42 

5,»7S 
5v7«B 
5^^715 

5,571 

6,050 
5,726 
5,900 

5,892 

5,500 
5,525 
r>,5t)0 

5,528 

4.6QO 
4,500 
4,075 

1,350 
1,226 
1,560 

1,375 


6,852 

7,513     6,387 


7,275 
7,3^>l 

2,783 
8,220 
3,025 

1,009 

1,675 
1,500 
ipftttO 

1,585 

3,613 
3,903 
3,695 

3,757 


6, 677 
fl,S05 

3,100 
3,600 
3jl75 

3,25a 

1,475 
1,400 
l,2.'i0 
1,375 

4,850 

5,050 

4,goe 


2,ri95  3,725 

2,j875  4. 060 

2,750  I  3,675 

2,740  3,«ia 


2,688 
2,713 
2,660 

2,m}  I 


4,300 
4,250 
4,325 
4,292 
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Tablb  XIV6. — (hmpressive  strength  of  the  wortars  of  25  atone  m'rfi'Hinfjn — Continiierl, 


li8. 


Sj.  U. 


lA. 


Si\  VA. 


V.i^ 


1;-!..; 


Averajfe. 
1:3 -... 


I  ti 


A  vi'mgt*  H 


Yield. 


No, 


1. 1»         T»-(J 


WnCcrJ    Air. 


m.& '    tKt.a 


7Vi-Ta         IHO  I      73.4 


7.J-1S  I      Srt.  0 


Avt'nijft! ... 


I ! 


ll^U        V».Q 


Lvn 


79-lS  I      fift-O 


TS.-l 


5iKa 


Wftter 
{per 


K.9 


7'J-ll        70.7        m*.o 


Avi^rn^fe .^^^^ ..,. ..„„■. 

Ua^isinuflK.,,,'  ,,,,,.'      7!»-lH         fiS.O        IA2 


'  .1  I  ■ 

\.vi        Tyi       7U.r*       M.:i 


7tt-M        7-L  7        I'rtl^O 


I 


7P-11*       <ia,  H  '     m.  '2 

.l.....„,.L 


M,a 


H.9 


K9 


H.'d 


H.«> 


7  2ft 

dajjL     daj'SiL 


3,000 

2,77^ 

lHfi75 
1,580 
1^590 

1,305 
1,350 
1,375 
1,377 

2,7€0 


1,237 

l,23t 

1^537 
1,492 
1^506 

1,601 

2,900 
S,0(X} 
172.*) 

'i.ow 
'jfOiiO 


l,><7Fi 
1,777 

1,712 

urn 

1,717 

»7h 
9V: 


4,470 


3,000 
2.tt2fi 


i,,sa5 

1.4*0 
l,4H2 
1,509 


HO     I     1^        3dl} 
davA.    d&y»,    daji's^ 


5.175 
5v3S2 
{),332 

5,300 

3,950 
iJ,6dO 
3,tHa 
3,  748 

1,930 
2,0U0 
aOSB 

2,00§ 


4,560  6,0^ 
4.2fiO  5,2S0 
4,120     ,^015 

4,409  I  5,097 

2,2f7fi  I  3,475 
%m>  3,138 
2,187  I  3,000 

2,'Sh     3,204 


2,055    

■2,057     a,  .569 
2,277    2,7aa 


y.l33     2,673 

4,750  ,  5,7;» 
4,550  rj,aio 
4.550  I  &,«2a 

1,017     5,722 


2,2.^7 
'^,V»0& 


2.277 
2,iiO 
2,200 
2,242 

2,rt00 
JI.0K7 
3,225 

iJ,037 

1,025 
917 
390 


1,21W  L!.200 
i,0r4(  L!J>;j7 
1,177     2.t^ii> 


AvoTH4;i?.,.-,--.,....|....,„,.U..,„J ....^  1jt42  1  a,0«T 


4,C^^ 
4.i3S 


2..'i50 

5,500 
5,435 

5,a;s 

5,387 
1,431^ 

1,  un 

1.000 


6,lti3 
e.20« 

6,11X3 

4, 175 
4,I€0 


4,138 

1,633 
1.775 
1,776 

1,73S 

5,533 

5,650 
6,3&4 


6.400 
7/225 
6,550 

6,725 

6.050 
5,700 
5,6S0 

5^  mo 

l,ei'i0 
1,375 
2,025 

1,9.10 

6,150 
S,70[» 
5,675 


3,350  3,725 
3.060  4,060 
3,925 


6,300     3,900 


2,976 
S,105 
2,950 
3,010 


B,I75 
3,800 
3,^50 
3,642 


6.125  7,ffra 
5.950  !  7  J  75 

0,050  6,«0D 

6,042  6,950 

4.6Sa  4,250 

4.380  4,6U0 

4,660  4,475 


4.576 

S.250 
3,075 
3,313 

3,213 


4,i^ 

3,625 
3,475 
3,600 

3,567 


5,480 
4.675  \  6,675 
4,6Hti     5,  HOD 


4i681 

l.«03 
1.S73 
1,725 


1,279  f  1,WW 


2,  ^325  ! 
t520 


3,733 


1 2,  jm 


2^572  !  2,76Q 


5,&52 

1,075 
1,200 
1,375 

1,217 

^,925 
2,?W) 
a,6-'iO 

'I'm 
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Table  XI  V6. — Compressive  strength  of  the  mortars  of  £5  stone  screen.my^'—Contmui^L 


So. 


Si!.  16, 


Se.  IS. 


9e.  19. 


EaUci  of  G«meQt 
to  screenings. 


1:3- 


AVt'ni^tJ . 


1:4. 


A.v«nL|fe  . . 
i:3  lAirtedl  . 


Average , 

M^ 


Avenaufc . 
1:4......... 


Avi^fiage . 
1:4......... 


Averaf  G  . . 
l;3  4>iLftedK 

Avci'FBge . . 


I- 


Tempemture 


W«l«r>|    Air. 


Water 

(per 

cent). 


1.05         7i^^7        70.5       iW.a 


..       7V^'l.'l        6S.«  I      70. 0  I 


7U-19       m.t       ats,2 


1,13  79-7         70.  fj  '      M,3 


Arengv 

I 

jl3 \.m      7!>-ao      fit*. ft  ;    72.0 


7&»^20  !       (itI.M         ?i.(» 


Averai^e ,....  ...-. 

1:3  ((dftert)..,,........'     7U-a* 


AVewfie ., 

l:3.„. L06  7^^        71  fi        rtl>*.2' 


Ta-in-j     ma 


79-lft        fiS,« 


^.3 


«.9 


8.9 


H.3 


!*.0 


Ccimpreesivc  streagth  { pounds  {n&t 
i»[|U&fti  inch). 


i?u-20„ 


1:3.............. 

Average.... 

1.21 

79-S.1 

7ffl.O 

70.  tJ 

S.9 

1;4 ,... 

79-3.5 

7t*.U 

mu 
.-. 

S.3 

Avenve , 

7 
tSaya. 

23          » 
dnya.    dnyt. 

180       3tS0 
days,    ilftyji. 

1.707 
a.tXiO 

3,600 
3,463 
3,750 

5.363 
ft,4J6;l 
6,000 

4.330     6,375 
6,2^5  .  6.537 
4,750     7.010 

IpfiU^ 

3,571     5,2Jli2 

4,972     iJ,807 

1,290 
l,j:i7 

i.se2 

2,0&2  1  2.963 
2.290  1  3,  lie 
2,262    

3,050 

3,750 
3,526 

4,725 
5,(J00 
4,675 

1,363 

2/iOl     3,053 

3,642     4,«0a 

1,300 
1,350 

2,U>5     2,400 
2,  237     2,  280 
2,275    

1,3SH     2,600 
1,30.'^     2,!J75 
1,390     2,900 

lp3L2 

2,2;J6    2,340 

1,39-2     2,892 

a,lB7 
2.07.1 
2,400 

4,125     4.0 
3,745     4,425 
iatO     4,633 

5,310 
5,515 
5, 113 

6,U25 
7,  too 
6,300 

2,221 

l.O-iii     1,512 

5.313 

6,775 

»B7 
1,112 
1,05ft 

2,20lJ 
2,000 
2.272 

3,320 
2,575 
3,060 

3,953 
3,61« 
3,773 

3,275 
3,825 
3,060 

1,051 

2,157 

3,215 

3,760     3,3W3 

2,140 
2,02.=i 

i.aia 

2,750 
3,000 

3,350 
3, 475 
3.375 

3,250  1  4,t>2-> 
2,9^.^5     3,ft75 
2,K75     4,0M 

2,02fi 

2,^75 

3,400 

3,017     3,!JS3 

2,12s 
2,275 

3,362 
3,01i7 
3,ia2 

5,015 
4,760 
4,663 

6,443     6,900 

6,m    6,m 

0,013     6.f300 

2,32L 

3J77 

4.813 

6,221     6.542 

Udoo 

1»52.5 

2,500 
2,567 
2,287 

3,1!50 
3,275 

4,275     4.475 
4.1(V^     4.aQ0 
4,025     4,350 

l,f>lfl 

2.451 

3/^ 

4,1M     4,542 

2,3,-50 
2,a5tt 
2,150 

3,195 
3,455 
3,452 

4,010 
4,250 
4,325 

4,  775     4.  400 
4.900     4,S60 
5.225^     4.G25 

2,250 

S,3f»7 

4,195 

4.907     4,608 

a,M5 
2,3S5 
2,200 

3,785 
4,000 
3,500 

4,S57 
4,9tlO 
5,067 

5,665 
.5,€0U 
6,713 

7.075 
6,0fiO 
7,lnO 

2,2S3 

3,762 

4.961 

5,459 

6,76S 

1,637 
1»712 
l,7ti2 

2,675 
2.,^ 
2,6fl7 

3,560 
3.575 
3,6y5 

4,l«)0  ' 
4,53& 

6,1d0 
5,675 
6.700 

1,7W 

2,eai 

3,610 

4,669 

5,812 

1,7B0 
1,7H0 
1,52& 

2,517 
a.M5 
2,fl06 

4,038 
3.a90 

8,ea5 

3.376 
3,510 
3,675 

4,250 
4.475 
4,225 

l,fiS5 

%m 

3,asi 

3,620     4,317 

2.668 
2,58.1 
2,rT05 

4, 16fi 
4,135 
3»937 

5,408 
5.155 
5. 488 

5, 100     6.  V2fi 
4.K75     6,rt50 
5,020     6,460 

a,5»6 

4.070 

6,350 

A,m^     0.376 

2,ffl)0 
1,1*13 
1,925 

3,440 
3,3Ji2 
3,310 

4,288 
4.370 

3jfiJ2     5,375 
3.631     5.400 
a,  975    5,375 

1,W^ 

3,377 

4,329 

3.719 

5,38a 
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Table  XIV/>. — Compressive  strength  of  the  mortars  of  25  stone  scrtYniiti^s — Contiiiiied^ 


Rfiglflr 

No. 


RaUu  of  cemeut 
t4>  jipreeDtngB. 


1:3- 


Se.  ai.. 


Averttfce . 


Average . . 
l:a  (sifted)  . 


.    Avemjfi*, 
1:3 


Avt?niKe- 


Be.  23., 


3:11 


Averuffa. 


Hi,\  21. 


1::J 


Yl#ld 


L14 


CuiuetiL 

No, 

WaU-r. 

Air. 

"J^'JA 

m7 

M,0 

Water 

(per 
^ent). 


7*^26        70.  T 


79-26        70^7        fiS.O 


m.t^ 


71-34 


79^ 


7«-37 


59.  H       m.^ 


O^hR 


70,0 


7^-37         <V^i>         7M,  0  M.3 


79-48         as,  H        V,±  rt 


I 


8.  a 


8.9 


fl.9 


7  SS  90         11^    I   360 

days,    daya.  ,  dnyi.    dayi*.  jda^N. 


1,087 

1,732 
1,537 

U^i& 

1J77 
l,2fiO 
1.137 

MSB 

l,3fi7 
1,375 
1,440 

3.401 

2,ftC0 
2,fi20 
2,5fi8 

a,  013 
1.900 
],96& 
l,95e 

1,543 

1,550 
1,.563 

1,40ft 
1,8K3 

1,380 
1,838 

l.saft 


Avenusft: ^._.^ I .'  l,&3(j 


79-iM         r»a.S         tW,(>  M.3         %3 


2,52S 
2,400 
2,250 

2,3ftJ 
1,S80 

U«oa 

1.S39 

2*420 
Z&73 
^250 
2,414 

4,6ft2 
4,«>'}0 
4,tifi2 


3,060 

3.325 
3,225 

2.926 
2.8tiS 
2,*S35 

2,876 


3,470 
a,T25 
^,250 

3,4ft2 

2,675 
2,&7S 
2,733 

2,j6fi2 

3t37ft 
3,250 
3,378 

3,336 

ti,163 
6.375 

B,2i67 

4,7fi3 
4.000 
4,576 
4,016 

3.763 
3.76.5 
3.763 

3,764 


2.29S  2,978 
2,392  I  S,280 
2,376  :  3,033 

2,355  I  3.097 

2. 900  3.080 
2.5BJ$  I  2,943 


2,744     3,011 


978 


1.700  I 
I  l,y25 


2,2as 

2,128 


AvLTiw<?,,.,-  , ,.„„.. ....I.. J      9^  I  1,812 


Se.  25., 


;3., ,.-,,1.,-,.,,     )^^^{i        71.0         rt9H  h,9     3,270 

'A.  my 


I 


i,lnO 
4.-2.T5 

,\vuriiiri',.„,.  ., ., „J ,.|  a,346  !  4,277 


1:4 ,J..,„.  I    13SMU  7\.ri        m.ji          f<.3     "^ J^' 

!  I                I  2,825 

I  !                i                  -.8^ 

Average I  2, 894 

l:3<siftc(l] ' 13VK)  I  71.6         t>y.  S           8.9  '  1,763 

1                                 '  .1,885 

;  1,783 


I 


3;  112 
3,132 

3,112 

2,085 
1.950 
2, 125 


Average '< 1, 810     2, 053 


2,19« 

5,350 
4,650 
4,550 

4,860 


4,125 
4,575 

4,350 

2,750 
2,650 
2,975 

2,792 


3,887  5,305 

4,119  &.a^ 

3,837  4,A50 

3,.^8  5, 142 


3,350 
3,425 
3,412 

3,39fi 

3,<>50 
4.137 
3,575 

3,787 

7,660 
7,222 

7.375 
7,3»2 

4,  mo 
4,700 
4,750 
4.750 

4,226 

4,512 
4.350 
4,362 


4,12§ 
4,100 
4^160 

4,125 

4.375 
4,.'ViO 
4.750 

4.56S 
8,675 

e,eoo 

S,Z2S 
8,500 

a.OnO 
6.950 
5,4^ 
6,f0fl 

6,^00 
5,675 
6,475 

6,6R0 


2,SG2  4,400 

3, 1 12  ,  4, 150 

3,  D25  4, 100 

2,910  4.m 

3,9,S0  I  4.750 

3.450  I  4.e7^ 

3,<I75  ^  5,150 

3,592  '  4,85S 


2,625 
2,750 
2,950 


2r600 
l,fi2fi 
1,750 


2,742     1,968 

6,600  I  6,«i00 
6,376  B,m 
6,inb  I  6,46(1 

6,417     0,692 


4,550 
4,900 


4,350 
4,550 


4,875  4.617 

2,800  2.800 

2,625  2.850 

2,725  2.750 

2,717  2,800 
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Table  XI  Vc. — Transverse  strength  of  the  mortars  oj  25  stone  screenings. 


Regis- 
ter 
No.a 

Ratio  of  cement 
to  screenings.* 

Yield. 

Cement 
No. 

Temperature 

Water 
(per 
cent). 

.  Transverse  strength  (pounds  per 
square  inch). 

Water. 

Air. 

7 
days. 

28 
days. 

90 
days. 

180 
days. 

360 
days. 

fl:3 

l.W       133-^ 

1 

71.6 

64.2 

9.1 

&48 
702 
738 

696 

504 
504 
522 

510 

756 
756 
828 

780 

648 
666 
720 

678 

792 
576 
702 

690 

864 
720 
900 

828 

522 
594 

558 

648 
540 
702 

630 

612 
486 
504 

534 

468 
504 
522 

498 

450 
486 

468 

738 
936 
936 

870 

1,134 
1,080 
1,098 

1,104 

900 
738 

1,630 
1,350 
1,440 

1,440 

1,224 
1,170 

1,188 

1.404 

•  Average 

1,224     1,404 
1,684  1  1,422 

1,332     1,410 

8e.2... 

1:4   

133-7 

69.8 

64.2 

8.4 

Average 

J 



1,152 
1,152 

819 

1,170 
1,224 
1,116 

1,170 

1,044 

990 

1,080 

1.038 

828 
612 
720 

720 

1,206 

1,098 

990 

1,098 

720 
828 
900 

816 

1.116 

1,116 

954 

1,062 

540 
756 
684 

660 

540 
630 

1,197 

1,468 

1,350- 

1,584 

1,464 

1,188 

990 

1,080 

1,086 

918 

918 

1,008 

948 

1,530 
1,350 
1,260 

1,380 

1,188 
1,206 
1,080 

1,158 

1,242 
1,116 
1,152 

1,170 

864 
936 
954 

918 

986 
864 

i 

/l :  3 

1.10       133-8 

1 

69.8 

65.4 

9.1 

1,868 
1,530 
1.332 

1,410 

1,296 
1,260 
1.242 

1,266 

1,224 
1,162 
1,044 

1,140 

1,584 
1,620 
1,602 

1,602 

1,206 
1,152 
1,314 

1,224 

1,170 
1,332 
1,242 

1,248 

882 
972 
846 

900 

1,026 
972 
900 

^66 

1,868 
1,368 
1,242 

1,326 

1.116 
1,296 
1,368 

1,260 

1,584 

Average 

1,620 
1,548 

1,584 

1:4 



133-9 

69.8 

68.0 

8.4 

1,422 

8e.S.., 

Average     .... 

1,422 
1,440 

1.428 

1*3 (sifted)..  .. 

135-13 

80.6 

80.6 

8.7 

972 

Average 

918 
954 

948 

rl:3 

1.09       133-10 

69.8 

66.2 

9.1 

1,476 

Average 

1,42-2 
1,386 

1,428 

1,476 
1,512 
1,566 

1,518 

Se.4... 

1  '4            

l:«-ll 

63.0 

70.7 

8.4 

Average 

/I'S                

1.08  '     133-12 

63.0 

67.1 

9.1 

1,404 

Average 

1,350 
1,368 

1,374 

1-4          

133-13 

63.5 

74.0 

8.4 

936 

Se.5... 

I 
A  verage 

882 
900 

906 

1-3  (alftedl 

133-14 

66.2 

78.8 

8.3 

972 

Average i  -     

'{,044 
1,008 

585 

1,080 

972 

1,116 

1,056 

864 

936 

1,008 

936 

900 

1,162 
1.278 
1,116 

1,182 

1,224 
1.080 
1,860 

1,218 

n-3 

1.02 

133-16 

68.0 

78.8 

9.1 

1.440 

Average 

1.512 
1,440 

1,464 

1,332 
1,260 
1,368 

1,320 

8e.6... 

1:4     

133-16 

67.1 


68.0 


8.4 


.    Average 

I 

a  For  details  of  fleld  origin  of  samples  of  stone  screening  see  pp.  93-106. 

bin  tests  marked  "sifted  "  the  stone  screenings  used  were  sifted  through  No.  10  and  over  No.  20 
size. 
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TESTH   OF   MATEKIALS   OF    CEMENT    MDfiTARS, 

ILK  XIW.^yVaij«rrrw  tittH^tk  of  t fir  itwrtarit  nf^s  ^fif  jirTY<r?ftPf;if— Oontinoed. 


Trauffyerwa  etren^Ji  fwitind?  per 


da^jv. 


972 
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yeJs  of,  dUigrarn  ebowinfe^ 

stone  from  ( No.  12)  dcaeriptlon  of 99 

mortar  from,  strength  of 112, 118, 123 

physiciil  properties  of 60, 61 

pt&t«  ihowJng  100 

slltin 77 

uniformity  coefficient  of 78 

Kansas  River,  ^mnd  fmm  (No.  2i,  analysis 

of,  dieiL^ajii  i^howlri^    50 

sand  from  (No.  2),  description  of 43-44 

mortar  from,  strength  of 62,  67,  73 

physical  properties  of 59,  60-61 

pbitp  shovrJni;,  40 

slltin 77 

uniformity  coefficient  of 78 

Kentucky,  K^iiloii  Cu Lint y,  sand  from  (No. 
10) ,  analysis  of,  diagram  show- 
ing   

Kenton  County,  sand  from  (No.    10), 

1^i■^.■^L|lTi-i-  ./      

sand  from  (No.  10),  mortar  from, 

strength  of 64-60 

physical  ptopcrtioa  of 50, 60-61 

pl4t«  showing  46 

sllttn  77 

unilormltycoodldJj&tit  of 78 

LniertyvlUe^ 111., siiind  from  (Nu.  U  ,  analysis 

of,  diagram  showing 52 

sand  from  (Xo.  9) ,  description  of 40 

mortar  from,  strength  of 04. (JO.  74 

phyflinil  [jn-piTt  in-  of 59.(KM)1 

pliite  ahowtog  44 

silt  in 77 

unifonnity  coefTicient  of 78 

Limestoiu'  screenings,  plates  showing 94 

9(s  1(X).  102. 104. 108 
Lorain.  Ohio,  gravel  from  (No.  10),  analysis 

of.  diagrjMii  showing 81 

gravel  J Pom   No  Ul*  iiC!*t'ripUi>ri  of 84-85 

mortar  from,  strength  of 00,92 

physk  al  propcrtli;a  of 69. 61 

pbitf^  sh"\vliig  84 

silt  in 77 

unifonnity  coefTicient  of 

Loveland,  ?  MWyk  grin  el  Jroin    No,  4) ,  analy- 

sl    of,  dirtgrhLin  ahoi^ing 

gravel  from  (No.  4>.  description  of 

mortar  from,  strength  of 

liJlVHCnf  pTi^fptTn''-'  of 

plate  showing 

silt  in 

LuiiftjrniiLy  coellKienl  of 

Lndlow.  Ky.,  gravpi  f rom  (Nn.  6).  analysis 

of,  diagram  showing 

gravel  from  (No.  t>i,  description  of S2-83 

mortar  from,  strength  of 89,91 

physical  properties  of 59, 01 

plate  showing 82 

silt  in 77 

unifonnit  y  coefhoient  t)f 78 
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89.91 
59.01 
80 
77 
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McCook,  111.,  stone  from  (No.  19),  analysis 

of,  diagram  showing 94 

stone  from  (No.  19) ,  description  of 103 

mortttf  Jrora,  strength  of 114, 119, 124 

physical  properttes  of 60, 61 

plat*  showing         104 

alltln.  77 

unifonnity  coefllct^ni  of 78 

Meramec  River,  gravpl  from  (No,  1),  analy- 
sis of,  dijigmm  showing 83 

gravel  from  (No.  1) ,  description  of 80 

mortar  from,  strength  of 81, 89 

phystcai  properlfos  of 59, 61 

plate  showing  54 

Biltiu.  77 

uniformity  coeiUcteni  of 78 

gravel  fiMm  (No,  ^\  juialysils    of,     dia- 
gram flhftwlnf  81 

d«iCT{ption  of  80 

mortar  frttrai  strength  of 89,91 

physical  properties  of 59,61 

platen  showing,  80 

alltln.  77 

unlfo rmlt y  CMMifHrif'nt  of 78 

sand  from  (No.  21),  analysis  of,  dla^rram 

showing 45 

description  of. 51 

mortar  from ,  6t  rengt  h  of 67, 72 

physical  properties  of. 59, 60-61 

ptatB  showing. 52 

siitin. 77 

uniformity  coefficient  of 78 

sand  from  (No.  22),  analysis  of.  diagram 

showing 50 

description  of 51-52 

mortar  from ,  sf  rength  of 67, 72 

physical  propertlflji  of 59, 60-01 

plate  showing, 52 

jilJtin.  77 

tmlfonnlty  poeflk'lent  of 78 

Mis.souri     Buchanan   County,  stone  from 
(No.   l.'i),  analysis  of,  diagram 

.showing 98 

Buchanan    County,  stone    from    (Xo. 

l.'i),  description  of 99 

stone  ffniTi    Sok    :s)    mortar  from, 

strength  of        112,118,123 

physical  propertif  h-  of 60,  01 

plate  showing 100 

silt  in 77 

unifonnity  cocnicient  of 78 

slarlirson  roii"-,iv    ^^trnn  from   (No.  141. 

analysis  of.  di.-ipram  .showing.. .       102 

.stone  from  (No.  14).  description  of.  99-100 

rnortjirfrom  i^trerigth  of.  11.3,118,123 

pfjysiu'Jil  properti<*ft  of (iO,  01 

plate  showing 102 

silt  in 77 

uniformity  cocHiolent  of 78 

Missouri  Klver,  sand  from  (No.  1 1,  analysis 

of.  diagram  showing 48 

sand  from  (No.  1).  description  of 43 

inorldr  Ivrnw,  sirength  of 02,07,73 

physical  properties  of 59, r>0-01 

plate  showing 40 

silt  in 77 

uniformity  coenicienl  of 78 
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Monroe  formation,   sand  from   (No.   11), 

analysis  of,  diagram  showing . .       52 

sand  from  (No.  11),  description  of 47 

morttiT  Irom,  strength  of 64,70,76 

phy steal  properties  of. 59, 60-61 

plat*  sb&wing. 46 

jititin.  77 

imJtoniilty  poeMcleiU  of 78 

sand  from  (No,  13),aiialyfiii4  of,  diagram 

showing 54 

description  of. 47 

mortar  from,  strength  of 64, 70, 75 

ptaysjoal  propertiei  of. 59, 60-61 

p1at«  showing  46 

slltin 77 

milformity  coefficient  of 78 

KorsohesSpiir  Dur,  Mo,.gniviii£rom(No.  1), 

analysis  of.  diagram  uLiowIng . .        83 

gravel  from  (No.  1),  description  of 80 

mortar  from,  strength  of 89, 91 

physlc;al  properties  of. 59-61 

plate  showing,,  54 

silttn,  77 

mil focmity  eoefflcient  of 78 

Mortar,  strength  of,  determination  of. 7-8 

Moselle,  Mo.,  gravel  from  (No.  2),  analysis 

of ,  diagram  showing 81 

gravel  from  (No.  2) ,  description  of 80 

mortar  from,  strength  of 89, 91 

ph^'-^ujiE  ikropertJea  of 59,61 

plate  showing 80 

slltin 77 

uniJormlty  coefliolent  of 78 

s«nd  from  (No,  2!)  analysis  of,  diagram 

showing 45 

deaertptJonof 51 

mortar  from,  stivngth  of 67, 72 

physical  propertteB  of 59, 60-61 

plate  showing 52 

slltin 77 

uniformity  coefficient  of 78 

Ohio  Rlv«r  sand  from  (No^  a?   analysis  of, 

aiR^ram  iihowltig 50 

sand  from  (No.  5)  descrlptioii  of 44 

mortar  from,  strength  of 63, 68, 73 

phj'sidjil  propertied  f*f 59, 60-61 

plate  showing 42 

slltin 77 

uniformity  coefficient  of 78 

Ottawa,  IlL,  sund  truLu^  iWM:ript\(iu  of 52 

sand  f roiLL,  phit^  jthowlug.  54 

Register  tmm[)era,ex^plaDat]on  of 8 

St.  rUarles,  lU^.  sand  from  (No* 6),  analysis 

of,  dJRffram  Bihowlng 50 

sand  from  (Ko.  4) ^  deAcrtptlon  of 44-45 

mortar  from,  strength  of. 63, 68, 74 

physlcral  pr opertlos  of 59, 60-61 

plate  showing 42 

slltin 77 

uniformity  coefficient  of 78 

St.  Clair  River,  Ontario,  gravel  from  (No. 
9),  analysis  of,  diagram  show- 
ing        85 


Page. 
St.  Clair  River,  Ontario— Continued. 

gravel  from  (No.  9) ,  description  of 84 

mortar  from,  strength  of 90,92 

phyjiifjjl  properties  of 59,61 

plate  showing 84 

slltin 77 

uniformity  ixwlUolent  af 78 

sand  from,  (No.  14),  analysis  of,  dia- 
gram showing.       48 

d&Bcrfptlonof.  47-48 

mortar  from,  strength  of 65, 70, 75 

physical  properties  of 59, 60-61 

plate  showing 48 

silt  in 77 

uniformity  coefficient  of 78 

sand  from  (No.  15),  analysis  of,  diagram 

showing 45 

deEcr[ptlono(.      49 

mortar  from,  strength  of 65, 71, 75 

physical  pro  pert  feR  of 59, 60-61 

plate  showing 48 

slltin 77 

uniformity  coefflcient  of 78 

sand  from  {No*  iGh  anjilyaEs  of,   dla- 

gr^m  !iho wing . 54 

description  of 49 

mortar  from,  strength  of 65, 71, 76 

physical  properties  of 59, 60 

plate  showing    50 

slltin 77 

uniformity  coefficient  of 78 

St.  Louis^  stone  from  (No.    ),  analysis  of, 

diagram  j»ho  wing         96 

stone  from  (No.  1>  description  of 93 

mortar  from,  atrtngth  ol. 109, 115 

phyalcal  propenit^a  «f 60, 61  . 

plate  showing 86 

slltin 77 

ijnlfnnnity  eoeffit'lf'tLl  of 7S 

stone  from  (No.  2),  analysis  of,  diagram 

showing (i9 

description  of 93-94 

mortar  from,  strength  of 110, 116, 121 

physical  properties  of 60, 61 

plate  flhowrliig 94 

silt  in,  77 

unffonnity  coe^l£?iE*Ti  t  of 78 

stone  from  (No.  3),  analysis  of,  diagram 

showing 94 

description  of         94-95 

mortftf  from,  strength  of 1 10, 116, 121 

phyilcal  proport te,i  of 60, 61 

plate  -ihowliig .     94 

silt  In,  77 

uniformity  eooflldGnt  of 78 

stone  near  (No,  ii)    analysis  of,  dia- 

gf&.ni  shtm-tng 94 

description  of         99 

mortar  from,  strength  of 112, 117, 123 

pUy&tcal  pTOpcrtipfl  of 60, 61 

pill  te  showing 100 

siHfn  77 

mii  formi  ty  ccctll  clen  t  of 78 

Sand,  iibsarjjt  lun  pc^roentage  of 59 

collection  of 42-43 
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Band— Coa^ued, 

dfliultyof v" »,»-eo,78 

dMOiiption of ..,c 4d-fi2 

gfanidaixiieterioazuilyiisof JS3 

oorviMol , »-«,78 

flgmesdiowliig 46,48,50,52,54 

pliyaieal  pfopertief  of 50-61,78 

phyriciU  testa  (tf 6W8 

quiring  of,  nMtliod  of 58 

plates  ahowisg 40,42,44,16,48,60,52,54 

silt  in,  analyiis  of 77 

peroentof 50 

speeiflo  gravity  of 68 

imif omiity  coefBdents  of ^5-56,78 

weight  of 50 

Sand  mortar,  compresslTe  strength  of.  57,67-72,78 
compressive  strength  of,  variation  of, 

withage.... l-2,2&-2a.3»^ 

variation  of,   with  age,   diagram 

showing 27,84 

density  of .t 3,58-50,60-^1,78 

physical  tests  of 1-2,56-79 

making  of,  method  of 56-57 

sommary  of 67-58 

tensDe  strength  of 67,63-67,78 

variation  of,  with  age 24,20-30,34 

diagram  showing 24,34 

transverse  strength  of 67,73-76,78 

Scioto  River,  Ohio,  gravel  from  (No.  3) ,  an- 
alysis of  ,  diagram  showing 85 

gravel  from  (No.  3) ,  deiscription  of 81-82 

mortar  from,  strength  of 80,91 

physical  properties  of .* 50, 61 

plate  showing 80 

slltin 77 

uniformity  coefflcient  of 78 

sand  from  (No.  3),  analysis  of,  diagram 

showing 52 

description  of 44 

mortar  from,  strength  of 62, 68, 73 

physical  properties  of 59, 60-61 

plate  showing 40 

silt  in 77 

uniformity  coefficient  of 78 

Sibley,  Mich.,  stone  from  (No.  25),  analysis 

of,  diagram  showing 98 

stone  from  (No.  25) ,  description  of 106 

mortar  from,  strength  of 115, 120 

physical  properties  of GO,  61 

plate  showing 108 

sUtin 77 

uniformity  coeflBcient  of 78 

Springfield,  Mo.,  stone  from  (No.  5),  analysis 

of ,  diagram  showing 105 

stone  from  (No.  5) ,  description  of 95 

mortar  from,  strength  of 110, 116, 121 

physical  properties  of 60,  61 

plate  showing 96 

slltin 77 

uniformity  coefficient  of 78 

Stone,  strength  of,  report  on 4-5 

Stone  screenings,  absorption  percentage  of. .        60 
collection  of 93 
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Stonn-^TKnlnga      mortar,      {H3inpTeaslv« 

fltrpnglh  of. 7S.  JOa,  115-120 

0      ppftsfil  ve  utrenglh  of,  v^rljition  oft 

wkhiy^.. li^Xm  , 

dan  My  (it , 

^chi  tiisianl^f  ^...r.-.,<^...^.^w.  tllf-121 

iiidking  of,  jnethcid  of, ..........      Itt?  1 

fliuTunjiry  ot... .-.*.  lOR-lOO  ' 

itfl  stmngth  of 79,  im-Vmy  lOO-tU 

varia  lloti  of,  w^th  n^a. ........  —  iOfl-J  U 

traijsvem  strength  of ...... .  4, 7B,  109.  ISJ-ISSI  j 

variation  oi,  with  age..... _,.  131-124  ( 
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Strengih.  t&su  of  .......................... 

valuation  of,  with  ogSn  Bre  Cementi 
SfUid  mortiir:  rtravei-eenBenJtigi! 
mort4ir;  Stflne-fforeoningfi  Tnor- 

Sylvanla,  Ohio,  stone  from  (No.  24),  analy- 
sis of ,  diagram  showing 105 

stone  from  (No.  24) ,  description  of 104-106 

mortar  from,  strength  of 115, 120 

physical  properties  of -, 60,61 

plate  showing 108 

sUtin 77 

uniformity  coefficient  of 78 

Symmes,  Ohio,  sand  from  (No.  4),  analysis 

of,  diagram  showing 64 

sand  from  (No.  4) ,  description  of 44 

mortar  from,  strength  of 62, 68, 73 

physical  properties  of 69, 60-61 

plate  showing 42 

slltin 77 

uniformity  coefficient  of 78 

Tensile  strength,  tests  of 1-2,8 

See  also  Sajid;  Gravel;  Stone. 

Tension,  tests  by 8 

Tests,  character  of •        8 

Transverse  strength,  tests  of 9 

See  also  S&nd;  Gravel;  Stone. 
Utica,  Mich.,  sand  from(No.  17) ,  analysis  of, 

diagram  showing 45 

sand  from  (No.  17) ,  description  of 49 

mortar  from,  strength  of 66, 71, 76 

physical  properties  of 59. 60-61 

plate  showing 50 

silt  in 77 

miiformity  coefflcient  of 78 

Voids,  relation  of  strength  and 3 
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log 45 

Emtom  CkMinty,  land  from  (No.  10), 

(itfscnptiun  r.it."    40-47 

i*nd  froiiQ  (No.  lt)i^,  mortar  from, 

strength  of ..04-80 

phyaieal  i>mpertlea  tif 50,00-01 

plfile  ahowlof,  46 

afltin.  77 

uniformity  co«ffi/deat  of 78 

libert  yvllle.  III.,  und  f torn  (No .  9)  jui&]y stH 

of,  diA^ritm  showt^.      52 

sand  from  (No.  ^)   deseriptEon  of 46 

mortar  from,  strength  of 64, 00, 74 

ijLy^kj.1  pfopertiea  of 50.60-61 

plutP  showing         44 

•lit  in  77 

imtfonnlty  co«fIlcti'ri.t  of 78 

Limestone  screenings,  plates  showing 94 

96, 100, 102, 104, 108 
Lorain,  Ohio,  gravel  from  (No.  10),  analysis 

81 


gravel  from  (No.  10) ,  description  of 84-85 

mortar  from,  strength  of 00,92 

pihy^irAl  properties  of 59,61 

pjAtc  showing          84 

Mitln                        77 

tinllormftycoefUdent  of 78 

Loveland,  Ohio ^  gin, vi?l  from  (No,  4),  analy- 
st of  dlogTum  ihowlfif; 81 

gravel  from  (No.  4) ,  description  of 82 

mortar  from,  strength  of 89,91 

-.        ^     1            of 50,61 

pIdiA  fihowinj;          80 

dltln.                       77 

uniformity  eoeffldpiil  of 78 

Ludlow,  Ky   gravel  frotrj  fSt\^  Ht,  analysis 

of,  diagram  showing 83 

gravel  from  (No.  6),  description  of 82-83 

mortar  from,  strength  of 89,91 

physical  properties  of 59,61 

plate  showing 82 

siltln 77 

miiformity  coefficient  t)f 78 


MbCkMik,  m.,  itoii*  from  (No.  V),  ttMlyiif 

•oi;  diacani  diowiqg 94 

wUKmtxcm(So^VB(i,&mulpaaiL€i 108 

]|ioitArfroai,atnnffthoC U4,m,ia4 

pbysJcikl  propettlu  of. 80,01 

plate  showing.         104 

Blltin  77 

itnUormltycoeflkdent  of,     78 

Miwaimw  River,  gmvd  from  (  Nik  i> ,  aaaly- 

sfn  of j  diagram  shoviing 81 

gfaTol  If om  ( >f 0. 1}  dfiwrtptioti  of 80 

mortar  tr^rm^  fit r^i^gth  of 81,80 

physical  propertienof,       80, 01 

plate  showing-,        54 

slltlE  77 

linWorroltycoeflfclentof. 78 

gfavol  Inmi  iHn.  2 1  a tialy nin    of,    dla^ 

gnun  showii^,,     81 

description  of..  80 

mortar  from,  itnu^gth  of 80,91 

phydoal  properties  of 80,01 

plate  Bhowlng  ,   . .7  80 

silt  in.  77 

tmiformityooefllctentof 78 

■and  from  (No.  21),  aoatyrii of,  dtafimiB 

ahoirlrig,     48 

description  ol  .' 51 

mortar  from r^feogth  of 07,72 

physical  propertlee  oL 80^  00-41 

plate  jhowlng.. 58 

smin. Ti 

miifOrmity  coefflolent  of 78 

sand  from  (No.  22),  analysis  of,  diagram 

showing 50 

dapcription  ot 51-^ 

mortar  from,  strength  of 67, 72 

physical  properties  of. 50, 60-61 

plate  showing. 52 

sUtin 77 

uniformity  coefficient  of 78 

Missouri    Buchanan  County,  stone  from 
(No.  13),  analysis  of,  diagram 

showing 98 

Buchanan    County,  stone    from    (No. 

13),  description  of 90 

stone  from  (No.  13),  mortar  from, 

strength  of 112.118,123 

physiCiil  propnrt  les  ot 60,  61 

plate  showing. 100 

sUtin 77 

uniformity  coeJ1\ciant  of 78 

.Tark.'^on  Co:-:       t-  .■  ,    r  ■      ,   (No.  14), 

analysis  of,  diagram  showing. . .      102 

stone  from  (No.  14) ,  description  of .  99-100 

mortar  from,  Btr^ngth  of.  113, 118, 123 

phjsiijil  prtkjfortle!*  of. 60,  61 

plate  showing 102 

silt  in 77 

uniformity  eoefElckMJt  of 78 

Missouri  River  aand  from  (No.     ,  analysis 

of,  diagram  !»h owing.  48 

sand  from  (No,  1)   descrlptloa  of 43 

itiurtarfHim^  strength  of 62,67,73 

phyflieid  properties  of. 50, 60-61 

fill  n*  p^hqwini^-. 40 

silt  in 77 

uniformity  coefficient  of 78 


INDEX. 


129 


Pace. 
Monroe  formation,   sand  from   (No.   11), 

analysis  of,  diagram  showing . .       52 

sand  from  (No.  11),  description  of 47 

mort  KT  irom,  &t  renjrth  of 64, 70, 75 

physical  propenips  ot 59, 60-61 

plate  showln^T- • 46 

Hinin.  77 

auilomiJty  eoe-fficient  of 78 

sand  from  (No.  12), analysis  of,  diagram 

showing ^4 

deacriptionDf.  47 

niorta J"  Irom,  atrength  of 64, 70, 75 

phy &icftl  p ropsrtleA  of, 59, 60-61 

plate  showing  46 

■Utin  77 

uniformity  coeflldeot  of.  78 

Korsches  Spur  Ba  r.  Mo . ,  gra  vel  froin  ( No.  1 ) , 

analyst B  of,  diagram  showing.  .        83 

gravel  from  (No.  1),  description  of 80 

mortar  from,  strength  of 89, 91 

pbyaical  propertle-a  of. 59-61 

plate  ahowiog, 54 

fiJltln.  77 

uniformity  coefHcfent  flf 78 

Mortar,  strength  of,  determination  ot .' 7-8 

Moselle,  Mo.,  gravel  from  (No.  2),  analysis 

t>  f ,  dJ jigraiii  showinp    81 

gravel  from  (No.  2)>  description  of 80 

mortar  from,  strength  of 89, 91 

phvsicfll  propertieB  ot 59,61 

plate  showing 80 

sUtin 77 

uniformity  coefficient  of 78 

sand  from  (No.  21) ,  analysis  of,  diagram 

showing 45 

description  of 51 

mortar  from,  strength  of 67, 72 

physical  properties  of 59, 60-61 

piiilti  showing 52 

siltin 77 

uniformity  coefficient  of 78 

Ohio  Rlv^r  aand  from  (No,  5^  analysis  of, 

diagram  ^howitig      50 

sand  from  (Nd.  5) ,  ded^iipt Ion  of 44 

mortar  from,  strftngth  ot 63,68, 73 

phy«icu]  propenles  of 59, 60-61 

plate  showing.        42 

sUtin 77 

uniformity  coefficient  of 78 

Ottawa,  III.,  sand  from,  description  of 52 

sand  from,  pl&ie  a^howlng.  54 

Register  n  umbers,  explanation  of 8 

St.  Cbfir]^^  111.  aand  from  (No.0>,  analysis 

of,  diftgram  showing     50 

sand  from  (No*  CO,  dflBcrfptlon  of 44-45 

mortar  fn^m,  strength  of 63,68,74 

physical  prc^pertles  of 59, 60-61 

plate  showing 42 

sfltin 77 

uniformity  coefficient  of 78 

St.  Clair  River,  Ontario,  gravel  from  (No. 
9),  analysis  of,  diagram  show- 
ing         85 


Page. 
St.  Clair  River,  Ontario— Continued. 

gravel  from  (No.  9) ,  description  of 84 

mortar  from,  strength  of 90,92 

phystcal  propertlRH  of 59, 61 

plate  showing      84 

alltln  77 

uniformity  coefficient  of 78 

sand  from,  (No.  14^    anal y si r  of,  dia- 
gram showing        48 

dflseriptlofi  of ,  47-48 

mortar  from,  strength  of 65, 70, 75 

physical  propertkB  of 59, 60-61 

plate  showing 48 

siltin 77 

uniformity  coefTlclent  of 78 

sand  froni  (No.  IS')  ajmlysis  of,  diagram 

flhowing.  <5 

description  of  *        49 

mortfl  r  from,  Hinjugth  of 65, 71, 75 

pliy i^lciil  properttea  of 59, 60-61 

plate  showing 48 

sUt  in 77 

unllormlt  y  eoenielent  of 78 

sand  from  (No.  lfl>    analysfs  of,   dia- 
gram showing 54 

deaorlptionof.  49 

mortar  from*  atre^gtli  of 65, 71, 76 

physical  proportic*  of 59, 60 

plate  showing. 50 

slUln  77 

uniformity  coel!lclent  of 78 

St.  Louis^  atone  from  (No.       gnftijsis  of, 

diagram  showing 96 

stone  from  (No.  1) ,  description  of 93 

mortar  from,  strength  of 109, 115 

physical  propertieji  of 60, 61  . 

pbte  shoeing  86 

alltin.  77 

imlfoniilty  coelTtclpn  t  of 78 

stone  from  (No.  2),  analysis  of,  diagram 

showing 09 

desciiptlfin  of      93-94 

mdPtfir  frrtm.  strength  of lio,  lie,  121 

physical  propertloa  of 60, 61 

plate  nhovfing      94 

«i3t  (n .  77 

imiffiirmiity  oftplTEctcnt  of 78 

stone  from  (No.  3) ,  analysis  of,  diagram 

showing 94 

deaoiiption  of         94-95 

mortfir  from,  atrength  of 110, 116, 121 

physical  prqpertii^s  of 60, 61 

plate  shotting      94 

siltin.  77 

uulfomtlty  goofficlent  of 78 

stone  near  (No.          analysis  of,  dia- 
gram showing 94 

description  of        99 

mortar  from,  fltrt?ngth  of 112, 117, 123 

phyidciil  propertipfi  of 60,61 

pliite  ahowtitg      100 

ailt  in  77 

unifonnlty  coeflirient  of 78 

Sand,  absorption  pprtijntagiJ  of 59 

collection  of 42-43 
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Pftge. 
Sand— Conttnned. 

doisltyof «6,«M»,78 

dowilption  of » 43-62 

gnumlAmietrioaiialjnltof 63 

corves  of 5&-66,78 

flgons  showing 46, 48. 80, 62, 64 

physical  properties  of 69-61,78 

physical  tests  of 63-66 

maldxig  of  ,  method  of 68 

plates  showing 40,42,44,46,48,60,62,54 

silt  in,  analysis  of 77 

per  cent  of 60 

spedflo  gravity  of 60 

uniformity  coeflBcients  of 6JHi6,78 

wdghtof 60 

Band  mortar,  oompressive  strength  of.  57,07-72,78 
compressive  strength  of,  variation  of, 

withage.. l-2,25-2fi,32^ 

variation  of,    with  age,   diagram 

showing 27,84 

density  of t 3,58-60,fiO-^l,78 

physical  tests  of 1-2,66-79 

making  of,  method  of 56-^7 

smnmary  of 67-68 

tensile  strength  of 67,62-67,78 

variation  of,  with  age 24,20-30,34 

diagram  showing 24,34 

transverse  strength  of 57,73-76,78 

Scioto  River,  Ohio,  gravel  from  (No.  3),  an- 
alysis of,  diagram  showing 85 

gravel  from  (No.  3) ,  description  of 81-82 

mortar  from,  strength  of 80,91 

physical  properties  of *. 59,61 

plate  showing 80 

siltln 77 

uniformity  coefflcient  of 78 

sand  from  (No.  3),  analysis  of.  diagram 

showing !i2 

description  of 44 

mortar  from,  strength  of (i2,  (i8, 73 

physical  properties  of 59,  fiO-61 

plate  showing 40 

silt  in 77 

uniformity  coefficient  of 78 

Sibley,  Mich.,  stone  from  (No.  25),  analysis 

of,  diagram  showing 98 

stone  from  ( No.  25) ,  description  of 106 

mortar  from,  strength  of 115, 120 

physical  properties  of C»0, 61 

plate  showing 108 

siltin 77 

uniformity  coefficient  of 78 

Springfield,  Mo.,  stone  from  (No.  5),  analysis 

of,  diagram  showing 105 

stone  from  (No.  5) ,  description  of 95 

mortar  from,  strength  of 110, 110, 121 

physical  properties  of 00,  01 

plate  showing 96 

siltin 77 

uniformity  coefficient  of 78 

Stone,  strength  of,  report  on 4-5 

Stone  screenings,  absorption  percentage  of. .        00 
collection  of 93 


Stone  screenings— Conttnned. 

density  of 61,79,108-107 

description  of 93-106 

gnnulannetrio  analysis  of. 106 

curves  of.... 79,106 

figures  showing..  94,96^06,100,102,106 

physioal  properties  of 60^61,79 

physical  test  of 106-107 

making  of  ,  method  of 106 

plates  showing...  94,96^66,100,108^104,106,108 

silt  in,  analysis  of 77 

perosntageof 60 

q^edile  gravity  of 60 

weight  of. 60,79 

Stone  -  screenings     mortar,     oompressive 

stiengthof 79,108,115-120 

oompvBssivB  strength  of,  variation  of, 

withage 115-iao 

density  of 109 

physical  tests  of 107-123 

making  of .  method  of 107 

smnmary  of. 108-100 

tensile  strength  of 79, 107-108, 109-116 

variation  of ,  with  age. 109-116 

transverse  strength  of 4, 79, 108;  121-188 

variation  of,  with  age. 121-124 

Storage,  character  of 8 

Strength,  tests  of 8 

variation  of,  with  age.  See  Oemeiit; 
Sand  mortar;  Gravelreerssnlngs 
mortar;  Stone-scrsenlngs  mor- 
tar. 
Sylvania,  Ohio,  stone  from  (No.  24).  analy- 
sis of ,  diagram  showing 105 

stone  from  (No.  24) ,  description  of 104-106 

mortar  from,  strength  of 115. 120 

physical  properties  of 60, 61 

plate  showing 108 

silt  in 77 

uniformity  coefficient  of 78 

Sjrmmes,  Ohio,  sand  from  (No.  4) ,  analysis 

of,  diagram  showing 54 

sand  from  (No.  4) ,  description  of 44 

mortar  from,  strength  of 62, 08, 73 

physical  properties  of 59, 60-61 

plato  showing 42 

siltin 77 

uniformity  coefficient  of 78 

Tensile  strength,  tests  of 1-2,8 

See  also  S&nd;  Gravel;  Stone. 

Tension,  tests  by 8 

Tests,  character  of •        8 

Transverse  strength,  tests  of 9 

See  also  Sand;  Gravel;  Stone. 
Utiea,  Mich.,  sand  from  (No.  17) .  analysis  of. 

diagram  showing 45 

sand  from  (No.  17) ,  description  of 49 

mortar  from,  strength  of (iO,  71, 76 

physical  properties  of 59.00-61 

plate  sho^^-ing 50 

silt  in 77 

uniformity  coefficient  of 78 

Voids,  relation  of  strength  and 3 


CLASSIFICATION  OF  THE  PUBLICATIONS  OF  THE  UNITED  STATES  GEOLOGICAL 

SURVEY. 

[Bulletin  No.  331.] 

The  publications  of  the  United  States  Geological  Survey  consist  of  (1)  Annual 
Reports,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5)  Mineral 
Resources,  (6)  Water-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of  United 
SUtes — folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  United  States — folios 
thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publication;  the  others 
are  distributed  free.     A  circular  giving  complete  lists  can  be  had  on  application. 

Most  of  the  above  publications  can  be  obtained  or  consulted  in  the  following  ways: 

1.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
can  be  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  A  certain  niunber  are  delivered  to  Senators  and  Representatives  in  Congress  for 
distribution. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  can  be  had  at  prices  slightly  above  cost. 

4.  Copies  of  all  Government  publications  are  furnished  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  United  States,  where  they  can  be  consulted 
by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subjects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
into  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemist r>'  and 
physics;  F,  Geography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water  stor- 
age; K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investiga- 
tions; N,  Water  power;  O,  Underground  waters;  P,  Hyrographic  progress  reports; 
Q,  Fuels;  R,  Structural  materials.  ThLs  paper  is  the  third  in  Series  R,  the  complete* 
list  of  which  follows  (B=Bulletin): 

SERIES  R,  STRUCTURAL  MATERIALS. 

B  324.  The  San  Francisco  earthquake  and  fire  of  April  18.  1906,  and  their  effects  on  structures  and 
stractoral  materials;  reports  by  G.  K.  Gilbert,  R.  L.  Humphrey.  J.  S.  Sewell.  and  Frank 
Soal4,  with  preface  by  J.  A.  Holmes.    1907.    170  pp.,  57  pis. 

B  329.  Organization,  equipment,  and  operation  of  the  structural-materials  testing  lal>oratories  at 
St.  Louis,  Mo.,  by  R.  L.  Humphrey.    1908.    85  pp.,  25  pis. 

B  a31.  Portland-cement  mortars  and  thehr  constituent  materials;  results  of  tests  made  at  the  struc- 
tural-materials testing  laboratories,  Forest  Park,  St.  Louis.  Mo.,  1905-1907,  by  R.  L.  Hum- 
phrey.   1908.    IdO  pp.,  20  pis. 

Correspondence  should  be  addressed  to 

The  Director, 

United  States  Geological  Survey, 

Washington,  D.  C. 
February,  1908. 
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EEPORT  U*   S»   FUEL-TESTIKG  PLAi?T,  WO^-I, 


The  principal  chemical  laboratrory  of  the  fiieJ -testing  plant  has  heen 
removed  to  Pitti^burg,  and  to  it  will  be  sent  all  fuel  samples  for 
analysis^  mcluding  briquets,  coke,  etc.  At  this  laboratory  will  be 
conducted  an  exhaustive  series  of  investigations  into  the  most  efficient 
methods  of  using,  for  coke  and  other  purposes,  the  coals  and  lignites 
belonging  to  the  Government  of  the  United  States^  and  the  by-prod- 
ucts of  coke,  with  a  view  to  determining  methods  for  their  utilization, 
A  branch  chemical  and  physical  laboratory  w-ill  be  maintained  at  the 
Norfolk  fuel-testing  plant  for  the  purpc^se  of  experimenting  on  the 
gases  in  diiTerent  portions  of  the  combustion  chambers  of  steam 
boilerH  and  of  gas  producers,  analyses  to  be  made  of  the  gases  at  high 
temperatures^  and  the  highest  temperatures  to  be  measured^  It  is 
expectett  that  the  results  of  these  investigations  may  have  an  impor- 
tant bearing  on  the  methods  of  construction  of  combustion  chaml)ers 
and  the  relation  of  the  heat- transmitting  surfaces  to  the  fuel  bed. 
Routine  chemical  work  will  be  conducted  as  heretofore  at  the  fuel- 
testing  plants  for  analyses  of  samples,  includuig  gajs  and  other 
products  of  combustion.  A  special  investigation  will  be  undertaken 
to  ascertain  the  nature  of  cokes  made  from  different  e-oak,  with  a  view 
to  determining  why  good  coke  can  be  made  from  one  coal  and  not 
from  another.  Field  investigations  will  be  made  with  a  view  to 
stutlying  the  coals  where  found,  and  later  these  investigations  will  be 
continued  in  the  laboratories  at  Washington* 

The  smoke-abatement  investigations  at  public  buildings  will  be 
supplemented  by  more  detailed  ex|>erunents  along  the  same  lines  at 
the  Norfolk  plant,  where  different  methods  of  handling  the  twn 
Heine  bailers  and  the  new  2504iorseix>wer  Babeock  &  Wilcox  water- 
tube  boiler  will  be  attempted.  One  of  these  boilers  will  be  hand  fired, 
one  fired  witb  mechanical  overfeed,  and  one  with  a  mechanical  untler- 
feed  stoker.  All  three  are  equipped  for  natural  draft,  for  forced 
draft,  and  for  induced  draft,  and  it  is  believed  that  it  will  be  possible 
to  show  just  how  each  type  of  fuel  should  be  burned  m  order  to  secure 
the  highest  efficiency,  which  means  the  complete  combustion  of  all  of 
the  carbon  antl  the  abatement  of  smoke.  This  investigation  is  con- 
ducted T^"ith  special  reference  to  the  needs  of  power  and  heating  plants 
in  the  Government  buildings  in  the  different  cities  of  the  country. 

The  gas  producer  will  be  run  on  prolonged  tests  with  a  view  to 
determining  along  commercial  lines  the  fuel  values  through  the  gas 
engine  of  the  various  fuels  tested ;  also  with  a  view  to  determining  the 
possibility  of  utilizing  the  different  classes  of  fuel  through  the  gas 
producer  for  naval  purposes. 

The  investigation  of  coal  waste  at  the  mines  is  being  extended  with 
a  view  to  iletermining  how  far  such  waste  is  (hie  to  improper  methods 
of  mining,  especially  to  the  improper  use  of  explosives  or  to  the  use  of 
improi>er  explosives.     Investigations  are  also  being  made  to  discover 
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the  extent  to  which  less  wasteful  methods  of  mining  may  be  intro- 
duced without  excessive  cost  to  the  operators.     (See  p.  9.) 

Under  the  wording  of  the  act  of  Congress  providing  for  the  con- 
tinuation of  the  work  to  Jime  30,  1908,  the  technologic  branch  is 
engaged  in  revising  the  purchases  of  coals  for  the  Government,  with  a 
view  to  adopting  better  methods  of  making  such  purchases,  especially 
in  regard  to  specifications  which  shall  consider  the  ash  contained  and 
the  heating  units  in  the  coal.  This  branch  is  also  engaged  in  investi- 
gating and  reporting  on  explosives  and  other  materials  used  by  the 
Reclamation  Service  and  in  the  Panama  Canal.  To  it  has  recently 
been  transferred  the  mine  inspection  in  the  Territories,  and  this  part 
of  the  work  of  Federal  mine  inspection  will  receive  particular  atten- 
tion during  the  coming  year. 

ABBREVIATIONS. 

The  following  abbreviations  are  used  in  the  report: 
B.  t.  u.    =Briti8h  thermal  units, 
cr.  =  crushed, 

c.  t.  p.     =coal-tar  pitch. 

e.  h.  p.    =  electrical  horsepower. 

Eng.         =  English  (briquetting  machine). 

f.  c.  =finely  crushed. 

Lab.  No.=chemical  laboratory  number. 

1.  =lump. 

Renf.  =Renfrow  (briquetting  machine). 

r.  o.  m.  =run  of  mine. 

r.  p.  m.  =revolutions  per  minute. 

8.  =8lack. 

8C.  =screening8. 

W.  =  washed. 

^-  g-  P-  =water-ga8  pitch. 

^  =briquets  used  in  locomotive  test  (see  p.  42). 

I  =briquets  used  in  house-boiler  test  (see  p.  42). 


FIELD  WORK. 


By  Edward  W.  Parker  and  J.  Shober  Burrows 


INTRODUCTION. 

The  conditions  for  submitting  coal  to  be  tested  and  the  methods  of 
inspecting  the  mine  and  obtaining  mine  supplies  were  the  same  for 
the  period  covered  by  this  report  as  during  the  year  1905.* 

PERSONNEL. 

John  W.  Groves  and  William  J.  Von  Borries  inspected  and  shipped^ 
most  of  the  samples  until  March,  1906,  when  Mr.  Von  Borries  resigned?* 
From  March  until  July  all  the  samples  were  shipped  by  Messrrff^ 
Burrows  and  Groves,  with  the  exception  of  three  from  the  State  of 
Washington,  which  were  secured  by  M.  R.  Campl)ell,  of  the  geologic 
branch.     At  the  beginning  of  the  fiscal  year,  July  1,  1906,  Mr.  Parker 
was  relieved  of   his  duties  in  connection  with  this  work  and    Mr. 
Burrows,  who  had  directed  the  field  work  under  Mr.  Parker's  super- 
vision, was  placed  in  full  charge  of  the  corps  of  inspectors.     During 
the  siunmer  and  autumn  F.  B.  Tough  and  A.  K.  Adams  were  em- 
ployed for  a  few  months,  and  K.  M.  Way  and  R.  T.  Carroll  joined  the 
corps  of  inspectors  during  this  period.     X.  II.  Darton,  of  the  geologic 
branch,  cooperated  with  the  technologic  branch  in  procuring  samples 
from  Montana. 

DESIGNATION   OF  SAMPLES. 

When  the  sample  or  car  of  coal  is  shipped  it  is  marked  with  the 
name  of  the  State  in  which  the  mine  is  situated  and  numbered  con- 
secutively in  the  order  of  shipment,  the  numbers  for  1906  beginning 
where' those  for  lOOo  left  off.  Wien  two  or  three  cars  or  lots  con- 
stituting different  grades  of  coal,  such  as  lump,  nut,  etc.,  are  shipped 
from  a  mine,  each  lot  is  designated  by  a  letter.  For  example,  Illinois 
No.  23  A,  the  first  shi])nient,  is  lump  coal,  and  Illinois  No.  23  B  is 
slack  coal  taken  from  the  same  mine. 


uScc  \U\\l.  r.  S.  r.col.  Survey  No.  29<),  IWO,  p.  IT.. 
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SAMPLES  RECEIVED  AND  TESTED. 

During  the  period  covered  by  this  report  137  samples  from  24  States 
and  Territories  and  1  sample  from  Argentina  were  received  and 
tested. 

The  following  is  a  complete  list  of  the  carload  samples  received,  with 
the  details  of  the  location  of  the  bed,  character  of  the  samples, 
inspector,  and  page  references  for  all  the  tests  made  on  these  fuels 
during  the  period  here  included: 
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INTRODUCTION, 

The  principal  work  of  the  chemical  laboratorj"  for  the  period 
covered  by  this  report  consisted  in  making  routine  anHlyst*8  and 
calorimetric  determinations  of  the  various  coals  tested  at  the  fuel- 
testing  plant.  In  addititm  to  the  regular  work  on  coals,  twer  100 
samples  of  pig  in.«i  from  the  cupola  tests  on  cokes  were  analy7.ed  for 
silicon,  sulphur,  and  manganese.  Complete  analyses  were  nuidc  of 
several  slags,  also  from  the  cupola  tests.  A  large  number  of  mine 
samples,  sent  into  the  laboratory  by  mspectors  in  different  part.s  of 
the  country,  were  analyzed, 

A  few  special  lines  of  research,  involving  a  certain  atuounl  of 
additional  analytical  work,  were  also  carried  on  at  the  pbint,  to  study 
the  characteristics  of  coals  and  to  devise  improvements  in  the  methods 
of  analysis  employed.  A  report  of  this  work  is  published  in  a  bul- 
letin of  the  Survey." 

EQUIPMENT. 

The  routine  and  special  work  has  been  carried  on  in  the  laboratory 
that  was  fitted  up  in  the  foundr}^'  building  of  the  plant,  as  described 
in  the  report  of  the  1905  work.^  The  following  additional  equipment 
has  been  installed:  A  thermoelectric  pyrometer,  a  number  of  extra 
platinum  crucibles,  and  an  arithmometer  to  facilitate  the  reduction 
and  the  tabulation  of  the  results.  The  addition  of  a  number  of  new 
filing  cases  and  other  new  office  furniture  greatly  facilitated  the  proper 
keeping  of  laboratory  records. 

CHANGES  IN  ANALYTICAL  METHODS. 

There  has  been  only  one  change  of  moment  in  the  methods  used  in 
the  laboratory;  this  was  in  the  method  of  determination  of  the 
"volatile  matter"  in  lignites.  The  old  method  of  analysis  was  the 
same  as  that  used  in  the  analysis  of  coals,  and  was  found  to  give. 


I 


a  Lord,  N.  W.,  Experimental  work  conducted  in  the  cheniicul  laboratory  of  the  United  States  fuel- 
testing  plant  at  St.  Louis,  January   1,  100'),  to  July  31,  1906:  Bull.  U.  S.  Geol.  Survey  No.  323,  1907. 
&See  Hull.  U.  S.  Geol.  Survey  No.  21K),  p.  29,  1906. 
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when  applied  to  lignites,  results  which  were  too  high,  owing  to  the 
excessive  moisture  present.  It  was  modified  by  introducing  a  short 
preliminary  heating  at  a  low  temperature  before  applying  the  full 
heat  of  the  burner.  This  procedure  was  found  to  make  practically 
no  difference  in  the  results  obtained  with  bituminous  coals,  while  it 
gave  much  more  concordant  and  satisfactory  results  when  applied  to 
lignites.  The  experiments  on  this  subject  and  the  comparison  of 
results  by  both  methods  are  treated  in  detail  in  Bidletin  No.  323. 

PERSONNEL. 

Prof.  E.  E.  Somermeier  was  associate  chemist  during  the  period; 
F.  M.  Stanton,  head  chemist;  G.  A.  Burrell,  first  assistant,  and  Karl 
M.  Way,  E.  C.  Waters,  and  J.  W.  Peters,  assistants.  In  April  Mr. 
Waters  resigned  and  was  succeeded  by  J.  A.  McCalip,  who  resigned 
in  September,  being  succeeded  by  D.  I.  Brown.  Mr.  Way  was  trans- 
ferred to  the  field  section  in  August  and  was  succeeded  by  G.  O. 
Spitler.  R.  C.  Willis  was  added  to  the  force  in  December  and  J.  H. 
Birdsong  in  January,  1907. 

WORK  OF  THE  LABORATORY. 

During  the  period  covered  by  this  report,  2,100  samples  of  coal 
have  been  received  in  the  laboratory,  representing  21  States,  2  Terri- 
tories, and  2  foreign  fields. 

The  proximate  analysis  and  the  determination  of  sulphur  was  made 
on  practically  all  these  samples,  and  on  a  large  number  of  them  the 
ultimate  analysis  and  the  determination  of  calorific  value  were  also 
made.  These  determinations,  with  such  other  analyses  as  were  made 
of  special  materials  employed  in  the  tests,  involved  more  than  12,000 
separate  determinations. 

The  reduction  of  the  results  from  the  air-dried  samples  to  the  basis 
of  condition  as  received,  the  calculation  of  the  ultimate  analyses  and 
of  the  calorific  values  of  the  samples  used  in  the  steaming  tests  and 
the  gas-producer  tests,  and  the  figuring  of  these  results  to  the  dry-coal 
basis  were  also  performed  by  the  laboratory  force,  involving  practi- 
cally the  entire  time  of  one  man  as  a  computer. 

The  analytical  results  are  presented  in  the  detailed  report  of  tests 
on  each  sample.     (See  table,  pp.  14-19.) 

The  analyses  of  mine  and  car  samples  given  in  this  report  are 
figured  to  the  sample  as  received.  In  reporting  the  analyses  of  the 
coals  used  in  steaming  tests  and  all  briquets,  the  proximate  analysis 
is  figured  to  the  basis  of  coal '  'as  received,"  but  the  ultimate  analysis 
is  figured  on  the  dry-coal  basis. 


EQUIPMENT. 

The  equipment  of  the  steam-boiler  section  consisted  of  two  Heine 
water-tube  boLlerSi"  similar  in  construction  and  settini^.  The  prin- 
cipal proportions  of  the  boiler  settings  are  as  foHowH : 

Lrading  proportions  ofthf  hmlfru  inxtulhti  at  thefuet-tt^lifig  planL 


Rattxl  capocLt J  of  boilur.  ^ -.._._...„ ^.. ^ „. , ^ . „ ^ horsr|>owPr. 

Wfttpr-bPttting  ffUHace ,  — *_,.„.. ,.,__,,.,._.._...  »quiin}  feet. 

Sijficrhc^&tmf?  Biirfdoci*,*.^-^.*^,--^ -,.-.,,-----..-"• - ---- ^ 

GnitB  iiira .,..,....—_„. ,..,,.*-.**.*,*.,-,.  squaw  feet. 

Air  BpAi'i^  IbrDUgb  grate_,^»^^^..^->.»,,.^ _„..,^.^ __. ptiT&sat. 

Available  stai'k  draft , . . . , , , . ,,,,,,. » .-.,,-  »l3Q0h  of  w»ter. 

Height  of  Ptpcj  flUoks... ..: .- — ,-. I«rt. 

Area  of  atet'l  etacka .,. > ......>....«.<  „9qiuti«  foet. 

KtUQber  of  ajrlncli  tutiea  on  each  boHer , - , . . . .. .. . 

Usual  ftteam  preaaure  «arrf6<l  .„,„_-,,„,-_.-,_-_,„_ .  .^Kmndi. 


BoEl«r 
No.  2, 


2t0 
2,031 

40.55 

.75 

11« 


210 

2,031 

.7% 

lis 

T.tfl 
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Each  boiler  is  provided  with  its  own  stack  and  fed  by  its  own 
injector. 

Boiler  No.  1  was  equipped  with  a  plain  grate  and  boiler  No.  2 
with  the  McClave  rocking  grate,  but  all  the  t^sts  during  the  latter 
half  of  the  period  (tests  402-519)  were  conducted  with  a  plain 
grate.  Unless  otherwise  stated  in  the  detailed  report  of  steaming  tests 
the  plain  grate  was  used.  The  furnace  was  of  the  Heine  standard 
tile-roof  type ;  no  change  was  at  any  time  made  in  the  design. 

PERSONNEL. 

The  following  men  were  members  of  the  steam-boiler  section 
dining  the  period  covered  by  this  report:  Walter  T.  Ray,  Henry 
Kreisinger,  Harry  W.  Weeks,  Charles  H.  Green,  Robert  H.  Kuss, 
William  M.  Park,  Fred  Pahmeyer,  Lloyd  R.  Stowe,  R.  H.  Post, 
Ralph  Gait,  George  S.  Pope,  G.  E.  Ryder,  Fred  W.  Bird,  Perry 
Barker,  Lyman  S.  Weeks,  Carl  J.  Fletcher,  Clarence  E.  Woodman, 
and  Charles  E.  Augustine.  During  the  period  Messrs.  Green,  Kuss, 
Park,  Pahmeyer,  Post,  and  L.  S.  Weeks  resigned,  and  Messrs. 
Gait,  Pope,  and  Ryder  were  assigned  to  other  sections  of  the  fuel 
investigations. 

a  See  Prof.  Paper  U.  S.  Geological  Survey  No.  48,  p.  301,  and  Bulls.  U.  S.  Geol.  Survey  Nos.  261,  p.  74: 
290,  p.  33;  and  325,  p.  173- 
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COALS    TESTED. 


In  the  scope  of  this  report  are  included  the  results  of  214  steaming 
tests  on  106  coals  from  23  domestic  States  and  Territories  and  from 
Argentina,  fts  follows: 

Steaming  tests  made,  by  States. 


Coal. 

Num- 
ber of 
tests. 

3 

I 

2 

1 
3 

2 
3 

1 
1 
1 

1 
2 
1 
2 
o 

2 
3 
3 

I 

2 
2 
2 

1 

2 

1 
3 
1 
2 
1 
1 

3 
2 
2 
2 
2 
2 
2 

Coal. 

Num- 
ber of 
tests. 

1 

3 
1 

1 

1 
2 

3 
2 

2 
1 
3 

2 
2 
2 

1 
1 

1 

1 

1 
2 

1 
2 

1 
1 

1 
2 

1 

1 
3 
2 
2 
2 
2 
2 
1 
1 

Coal. 

Tennessee: 

No.l 

No.  2 

No.3 

No.  4 

No.  5 

Num- 

iberof 

tests. 

Alabama: 

No.  2  B 

I  ndiana— Continued . 

No.  19 

Indian  Territory: 

No.  2  B 

5 

No.3 

No.  4 

? 

No.  5 

No.  2C.. 

3 

No.  6 

Nos.  2  B   and   2  C' 
(mixed)...  . 

3 

A  rgentlna  No.  1 

No.  6 

No.7  A 

No.  7  B 

3 

Arkansas: 

No.  8 

3 

No.  7  A 

No.  9 

1 

No.  8 

No.  10 

Kansas: 

No.  2  B 

Nos.  8  A  and  8  B 

(mixed) 

No.  9  A. . 

3 

Florida  No.  1 

No.  6 

3 

Georgia  No.  1 

Illinois: 

Kentucky:      ^ 

No.  8 

Nos.  9  B  and  9  C 
(mixed) 

1 

No.  7  E 

No.  9  B 

No.  10 

2 

No.  9C 

Maryland  No.  2 

Texas  No  4 

3 

No.  12  B 

No.  19C 

Missouri: 
No.  5... 

Utah: 

No.    1   with   Rhode 

Island  No.  1 

No.   2  with    Rhode 

Island  No.  1 

No.  2 

No.  19  D 

No.  6 

2 

No.  19  E 

No.  7  A. . 

No.  20 

No.  7  B 

1 

No.  21 

No.  10 

3 

No.  22  A 

Montana: 

No.  2 

Virginia: 

No.  5  A 

No.  5  B 

No.  23  A 

2 

N0.24B 

No.3 

1 

Nos.  25  A  and  25  B 

New  Mexico: 

No.  3  A 

No.  6 

1 

CmLxed) 

Washington: 
No.  1  B 

No.  26 

No.  3  B 

1 

No.  27 

1         No.  3C 

No.  2 

4 

No.  28  A 

No.  4  A 

West  Virginia: 
No.  16  A... 

No.  28B 

No.  4B 

2 

No.  28C 

No.  5 

No.  22  A 

3 

No.  29  A 

Ohio: 

No.  10 

No.  22  B. . . 

1 

No.  29  B 

No.  23  A 

2 

No.  30 

No.  11 

No.  23  B 

2 

No.  31 

No.  12 

Wyoming: 

No.  33 

Pennsylvania: 

No.  7 

1 

N0.34B 

No.  6 

2 

Indiana: 

No.  15 

Miscellaneous: 
Mixed  coke 

No.  12 

No.  16 

1 

No.  13 

No.  17 

Collins  ville 

7 

No.  14 

No.  18 

Washery  refuse 

1 
1 

1 

No  15 

No  19 

No.  16 

No.  20 

214 

No.  17 

No.  22 

No.  18B 

Rhode  Island  No.  1 

The  detailed  results  of  the  steaming  tests  may  be  found  by  referring 
to  the  index  table  on  pages  14-19.  The  results  of  eleven  additional 
tests,  run  for  special  purposes  during  the  period,  are  not  included  in 
this  report,  but  will  appear  later,  with  discussions,  and  those  of  seven 
tests  made  during  the  period  on  coals  received  in  1905  are  also 
reserved  for  future  publication. 

Many  interesting  conclusions  are  obtainable  from  the  *' boiler 
tests"  so  far  made,  but  a  discussion  of  them  will  require  so  much 
space  that  it  has  been  decided  to  present  all  such  conclusions,  together 
with  a  large  amount  of  experimental  work,  in  a  separate  publication 
entitled  *'A  Study  of  Four  Hundred  Steaming  Tests.'' « 


a  BuU.  U.  S.  Oeol.  Survey  No.  325, 1907. 
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WASHING  TESTS. 


By  G.  R.  Delamater. 


INTRODUCTION. 

During  the  first  six  months  of  the  period  covered  by  this  report 
the  washing  tests  were  conducted  under  the  direction  of  John  D. 
Wick,  assisted  by  Edward  Moore.  J.  H.  Gould  was  in  change  of  the 
tests  from  July  16,  1906,  to  October  13,  1906,  and  G.  R.  Delamater 
was  in  charge  from  November  15,  1906,  throughout  the  balance  of 
the  period. 

EQUIPMENT  AND  OPERATION. 

The  Stewart  jig  used  during  1905**  was  employed  in  making  all 
tests  until  February  22,  1906,  when  the  washer  plant  was  almost 
entirely  destroyed  by  fire,  and  with  it  a  few  samples  of  coal  that  were 
stored  in  the  bins.  The  plant  was  immediately  rebuilt,  and  similar 
equipment  and  methods  were  used  for  the  tests  made  till  November 
15,  1906. 

During  December,  1906,  a  special  jig  was  installed.  This  jig  was 
of  the  center-plunger  type;  that  is,  the  plunger  was  directly  beneath 
the  screen,  and  its  upward  stroke  caused  the  pulsation.  The  plunger 
had  no  valves,  but  instead  valves  were  arranged  in  the  sides  of  the 
jig  body  to  cidmit  the  water  supply  on  the  downstroke  of  the  plunger. 
Cams  and  ^rings  were  so  arranged  that  the  plunger  had  a  slow  down- 
ward and  ^  quick  upward  stroke.  The  screen  of  this  jig  was  4  by  5 
feet  in  area  and  was  made  of  strips  of  No.  10  wire  running  lengthwise 
of  the  screen  frame  and  set  one-sixteenth  of  an  inch  apart.  The 
length  of  stroke  was  adjustable  up  to  4  inches.  The  depth  of  the  coal 
bed  was  also  adjustable. 

Owing  to  the  fact  that  the  power  for  operating  the  washer  plant 
was  furnished  by  a  12  by  16  inch  Frost  steam  engine,  belted  to  a  main 
shaft  from  which  the  jigs  and  other  machinery  were  driven,  it  was 
impossible  to  change  the  speed  of  the  jigs.  Better  results  could  have 
been  obtained  on  some  coals  tested  had  it  been  possible  to  change  the 
speed  to  suit  the  length  of  stroke  used. 

aBuU.  U.  S.  Geol.  Survey  No.  290, 1906,  p.  31. 
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As  the  only  crusher  available  for  this  work  was  an  18  by  24  inch 
Cornish  tooth-roll  finisher,  it  was  impossible  to  crush  some  coals  as 
fine  as  was  desirable.  However »  an  adjustable-mesh  bumping  screen 
was  installed  in  Januarj^  1907,  in  such  a  mann€>r  that  the  cnal  was 
first  passed  over  this  screen  anil  the  tailings  then  passed  on  to  the 
crusher,  wliile  the  coal  which  went  tlirough  the  scTeen  dropi>ed  into 
the  bin  over  the  jig.  The  product  of  the  crusher  was  then  elevated 
again  to  the  screen,  ami  this  cycle  of  o|>eration  wa^s  rejx^atetl  imtil  all 
the  coal  passed  through  the  screen. 

In  December,  1906,  a  '*  float  and  sink''  testing  equipment  was 
m stalled.  Before  each  wasliing  test  was  made  samples  of  the  raw 
coal,  quartered  down  to  2  kilograms  each,  were  tested  on  four  (UfTer- 
ent  specific'gravity  solutions.  In  this  manlier  it  was  p*"issible  to 
make  a  preliminary  {le termination  of  the  result  of  a  separation  under 
varying  percentages  of  washed  coal  and  refuse,  ami  the  coal  was  then 
washed  with  the  jig  regulated  to  discharge,  as  refuse,  a  percentage 
ahovit  equal  iu  the  percentage  found  advisable  from  the  float  and  sink 
tests.  After  a  washing  test  was  made  a  sample  of  the  refuse  was 
taken  and  quartered  downi  to  four  samples  of  2  kilograms  each,  and 
these  were  also  tested  on  the  specific-gravity  solutions.  The  test 
showing  the  liighest  percentage  of  float  coal  and  having  an  analysis 
which  agreed  fairly  \rith  that  of  the  washed  coal  was  then  use*!  in 
determinmg  the  percentage  of  loss  of  good  coal  in  the  refuse.  In  this 
manner  the  eiHciency  of  the  test  was  shown, 

EXPLANATION  OF  THE  WASHING^TEST  DATA. 

The  only  parts  of  the  washing-test  tables  re<p.iiring  explanatii»n  are 
the  *'Per  cent  reduction  "  and  *' Amounts  actually  removed''  as  given 
in  the  note  accompanying  the  tables.  The  per  cent  <jf  reduction  is 
obtained  by  comparing  the  percentages  of  impurities  in  the  raw  coal 
with  those  in  the  washed  coal.  It  \dll  be  readily  understood  that  if 
the  ash  alone  be  reduced  by  washing  the  fixed  carbon  and  volatile 
matter  \^ill  show  a  higher  percentage  in  the  washed  cijal  than  in  the 
raw  coal.  However,  in  actual  practice  it  is  impiissible  to  make  so 
perfect  a  separatiini  that  there  a^iII  be  no  portions  of  constituents 
other  than  the  impurities  removed  in  washing,  and  therefore  the  per- 
centage of  any  one  constituent  in  the  washeil  coal  is  affected  by  the 
reduction  of  each  of  the  other  constituents.  Tills  is  cl(*arly  intiicated 
in  test  192,  on  Alabama  No.  6  (see  p.  60),  and  in  test  198,  on  Virginia 
No,  6  (see  p.  271).  By  ctunparing  the  analyses  of  raw  and  waiihed  coal 
in  test  192  we  find  the  same  percentage  of  sulphur  in  the  washed  coal 
as  in  the  raw  coal,  antl  in  test  103  the  sulphur  in  the  washed  coal  is 
higher  than  it  was  in  tlie  raw  coal.  It  will  thereft>re  l>e  seen  that  a 
simple  comparison  of  the  analysis  of  raw  and  washed  coal  does  not 
always  show  whether  any  of  tlie  sulphur  in  the  raw  coal  was  actually 
removed  with  the  refuse  in  washing. 
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In  order  that  this  point  might  be  determined,  the  following  formu- 
las were  derived  and  used  in  making  up  this  report.  It  will  be  noted 
by  referring  to  the  test  data  that  in  test  192  (p.  60)  10  per  cent  of  the 
original  sulphur  in  the  raw  coal  was  removed  with  the  refuse  in  wash- 
ing, and  in  test  198  (p.  271)  13  per  cent  of  the  original  sulphur  was 
removed. 
Let  X  =  the  percentage  of  reduction  of  any  constituent. 

Y  =  the  percentage  of  the  constituent  removed  by  washing. 

M  =  the  percentage  that  the  amount  of  the  constituent  in  the 

washed  coal  is  of  the  amount  in  the  raw  coal. 
a  =  the  percentage  that  the  washed  coal  is  of  the  raw  coal. 
&  =  the  percentage  of  the  constituent  in  the  washed  coal. 
c  =  the  percentage  of  the  constituent  in  the  raw  coal. 
Then— 

c  —  h  ^r       1  ,,     c  — M 

^l  =  ao  1  =      - 

c  c 

COALS    TESTED. 


X  =  ^ 


During  the  period  covered  by  this  report^  61  washing  tests  were 
made  on  57  coals  from  14  domestic  States  and  Territories  and  Argen- 
tina, as  follows: 

WasMng  tests  made,  by  States. 


Coal. 

Num- 
ber of 
tests. 

1 

Coal. 

Illinois— Continued. 

No.  29  A 

No.  30 

Num- 
l)erof  1 
tests. 

Coal. 

New  Mexico— Continued. 
No.  5 

Num- 
ber of 
tests. 

Alabama: 

No.  2B 

1 

2 

No.  3 

1 

2 

Ohio  No.  12 

Pennsylvania: 

No.  12 

No.  4 

1 
1 
1 
2 

1 

No.  34  A 

} 

No.5 

No.  34B 

No.  6 

Indiana: 

1          No.  15 

Argentina  No.  1 

No.  12 '           1 

i         No.  17 

No.20 

1  Tennessee: 

No.  1 

Arkansas: 

1         No.2D 

1 

No.  1  B 

;  Indian  Territory: 

No.  2  B 

1 

No.  7  B 

1 

1 
1 

No.« 

No.  9 

No.  8 

1 

No.  5 

Kansas: 

No.  7  B 

Illinois: 

No.  2  B 

2 

1 

} 

Nos.  8  A   and   8    IJ 

mixed 

No.  9  B 

No.  20 1 

No.  (i 

No.  21  1 

Kentuclcy: 

No.  2  B 

No.  22  A 

1 

No.  10 

No.  11 

Vii^ginia  No.  G 

West  Virginia: 

No.  22  A 

No.  22B 

J 

No.  9  A 

No.  23  A 

Missouri:                                          1 

No.  23  B   

No.  5. 

1 
1 
1  ! 

No.  24  A 

No.7  A 

No.  7  B 

No.  24  B     

No.  23  B 

No.  25  A 

New  Mexico: 
No.  3C.. 

Miaeellaneoiia  No.  10 

No.  26            

1   i 

1 

1 

No.  27 

N0.28C 

\ 

No.  4  A 

No.  4  B 

(il 

■ 

The  detailed  results  of  the  washing  tests  may  be  found  on  the  j)agcs 
referred  to  in  the  index  table  (pp.  14-19). 


1  Besides  these  tests,  two  tests  not  reported  herein  were  made,  as  follows:   Tests 
Missouri  Nos.  6  and  7,  respectively  (coal  bume<l  in  the  fire  at  the  plant) . 


::n(l    ir»4, 


COKING  TESTS. 


Bv  A.  W.  BbiiDs^t. 


IHTRODUCTION. 


Tlio  coking  testf?  for  th^  period  rov^red  by  this  report  were  matie  in 
tlip  two  l>eehive  ovens  that  wore  employed  in  the  1905  testes,  and  the 
method  of  procedure  was  the  same.'* 

The  personnel  of  the  seetion  remainetl  the  same,  the  writer  being 
a^i.sted  by  W.  E.  Viekers,  of  Pocahontas,  Va. 


COALS  TESTED. 


In  the  scope  of  tliis  report,  covering  the  periotl  from  January  1, 
1906,  to  Februar\^  20,  1907,  are  included  results  from  9-H  coking  tests 
on  57  coals  from  17  States  and  1  Territory,  as  follows: 

Oohing  teMtn  math,  hij  Statu. 


CoaL 

Nunj- 
berol 
teats. 

Cofll. 

Nms^ 
Viero! 

Cmi. 

Niim. 
Iwrot 
ta«t«. 

AJabanui: 

No.  2  B,„.. ..,..-.» 

1 
2 
2 
1 
2 

4 
2 
& 
1 

I 

a 

2 

1 
a 

2 

1 

a, 
I 
1 
1 

1 

No.  12 .,,,.. 

3 
1  1 

2 

i 

1 

2 
2 
2 

. 

1 

1 

2 
2 
2 
2 
3 

a 

3 

No.3.. ....-- 

No.  17 ,,-......- 

No.» 

1 

Ho.  1. ,.... 

No.  ISA............. 

No,  3 

1 

No.* , 

Ki^riiiifi,A  No.  fl. 

No.  4 

2 

Ho.i. <..., 

Kent  uc  Icy: 

No.g. 

No.6 

No.O ,. 

No.7  B 

1 

At%Ki»Kii: 

1 

No.t  B 

No.SA... „.. 

Missouri  No- 5. 

New  Moxlco: 

N0.3C 

No.4B 

2 

No.TB 

N0.8B 

No.g 

No,  10 

No.  n ,..,.,.... 

Utah^ 

No.  I 

No.  1  ^wltb  Rhodo 
Island  No.  l\ 

Vli^nI*No.  6. 

1?Vik*hltijgtoaNo.2.. 

We«tVriKlnlaNo.35,.„ 

Wyoming  No.  fi. 

I 

No.fl,. 

1 

G&orBTii  No.  1 ..... . 

IUIdoIs: 

I 
I 

No.  20 , 

No,fi 

Noa.  3C,  4B,aRd5 
mixed............. 

Ohio  No.  12.... 

PeiiiisrLv»nt)L: 

No,n 

No.  12. ,.,,_„,..,„ 

No.  21 

N0.22B 

1 

N0.23A 

H0.23B .,„.< 

No.  21  A 

2 
3 
1 

No.  24B.. ,..„, 

I 

No,  25  A ,, 

No.  IS...... .,., 

No.  17 ,. 

No,  JS... 

No.an 

1 

No  7(^ 

No.27     ..... ... 

W 

Na.2«C 

No,  SUA,..*., , 

No.21...... 

No<34B 

Of  these  98  tests,  39  were  made  on  raw  coal,  51  on  washed  coal, 
5  on  washed  coal  with  the  addition  of  pitch,  1  on  washed  coal  with 
the  addition  of  asphalt,  and  2  on  raw  coal  with  the  addition  of  graph- 
itic coal  low  in  volatile  matter. 


a  See  Bull.  U.  S.  Geol.  Survey  No.  290,  1906. 
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Of  the  57  diflFerent  coals,  4  produced  no  coke,  viz,  Illinois  No.  21, 
Illinois  No.  24  A,  Indiana  No.  18  A,  and  Wyoming  No.  5. 

Two  efforts  were  made  (tests  141  and  157)  to  improve  coke  from 
Utah  No.  1,  by  mixing  with  this  coal  33 J  per  cent  and  25  per  cent, 
respectively,  of  Rhode  Island  No.  1,  a  graphitic  coal  containing  4.92 
per  cent  volatile  matter,  the  idea  being  to  reduce  the  volatile  matter 
to  approximate  that  contained  in  good  coking  coal.  In  the  test  141 
no  coke  was  produced;  test  157  gave  3,504  pounds  of  very  inferior 
coke,  and  3,208  pounds  of  breeze  (p  263). 

The  results  of  the  coking  tests  may  be  found  in  the  detailed  report 
of  each  sample  presented  on  the  following  pages. 

FUTURE    WORK. 

It  has  been  decided  to  move  this  section  of  the  plant  to  Denver, 
Colo.,  in  order  to  take  up  the  question  of  producing  coke  from  western 
coals  and  to  experiment  further  with  the  addition  of  volatile  hydro- 
carbons to  noncoking  coals  and  to  coals  producing  an  inferior  grade 
of  coke.  Tests  will  also  be  made  with  the  mixing  .of  coals,  and  differ- 
ent degrees  of  fineness  of  crushing.  The  scope  of  the  work  will  be 
extended  to  include  by-product  coke. 
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By  RiGHAlED  MOLDEXS^. 


EQUIPMENT. 


Owing  to  the  remoyal  of  one  of  tho  cupolas  which  serred  for  the 
tests  on  foundry  coke  during  the  Louisiana  Purchase  Exposition,  all 
the  tests  made  since  then  were  conducted  in  the  36-iiich  WTiiting 
foundry  cupola.  The  36-inch  shell  was  relined  to  26  inches  internal 
diameter.  There  were  four  horizontal  tuyeres  1 1  inches  above  the 
sand  bottom,  and  the  total  tuyere  area  was  96  square  inches,  giving:  a 
ratio  with  the  cupola  area  of  1  to  5.96.  By  training  the  crew  properly 
it  was  possible  to  run  off  two  heats  a  day  without  interrupt  ion, 

PERSONNEL. 

The  cupola  tests  were  conducted  by  W.  G.  Ireland,  under  the  direc- 
tion of  A.  W.  Belden,  the  coke  expert  of  the  Geological  Survey,  and 
with  the  advice  of  Dr.  Richard  Moldenke,  in  charge  of  the  cupola  tests 
of  the  fuel-testing  plant. 

METHOD  OF  TESTING. 

The  method  of  testing  has  been  fully  described  in  the  report  of  the 
fuel- testing  plant  for  1904.**  It  was  sometimes  necessary  to  vary  the 
proportion  of  scrap  to  pig  iron,  according  to  the  supply  toward  the  end 
of  the  tests,  but  the  total  amounts  were  kept  correct  as  planned  for 
the  general  series  of  tests. 

After  completing  the  tests  on  the  available  cokes  in  the  regular  way, 
so  that  the  results  might  be  comparable  with  the  previous  work  of  the 
section,  a  further  series  of  tests  was  made  on  some  of  these  cokes.  In 
these  tests  the  bed  coke  was  not  kept  at  a  constant  height  above  the 
tuyeres,  but  the  carbon  content  was  calculated  from  the  analysis  of 
the  particular  coke,  and  a  sufficient  amount  taken  to  make  up  175 
pounds  of  carbon,  regardless  of  the  height  above  the  tuyeres.  The 
results,  which  show  interesting  features,  are  withheld  for  a  publication 
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dealing  with  coals  received  during  1905.  Some  cokes  gave  better 
melting  ratios  and  melting  rates  per  hour  than  with  the  ordinary  test 
methods  and  others  gave  iliferior  results.  The  tests  were  made  to 
show  the  advisability,  on  the  part  of  the  manufacturer  as  well  as  of 
the  foundryman,  of  studying  the  conditions  of  cupola  practice  with  a 
view  to  adopting  those  methods  which  give  the  best  results. 

COKES    TESTED. 

The  results  of  69**  cupola  tests  on  33  different  cokes  made  from 
fuels  from  11  States  and  1  Territory  are  included  in  this  report.  Many 
or  these  tests  are  on  washed  samples,  and  several  of  the  tests  were 
repeated  in  order  to  get  more  satisfactory  results.  The  origin  of  the 
samples  and  the  number  of  tests  made  are  as  follows: 

Cupola  tests  made  on  cokey  by  States. 


Coal. 

Num- 
ber of 
teau. 

Coal. 

Num-  i 
ber  of 
tests. 

1 

1 

2 
1 

2  1 

() 

1 

3,' 
2 
2 
3 
2  j 

Coal. 

Num- 
ber ol 
tests. 

AlA.l)A.Tnfl.' 

.2 
3 

2 
2 
2 

1 
3 

Missouri  No.  .*> 

Tennessee— Continued. 
No.  6 

No.  2  B 

New  Mexico: 

No.  4  B 

2 

No.  3 

No.  7  B 

? 

No.  4 

Nos.  3  B,  4  B,  and  5 
mixed 

Nos.  8  A  and  8  B 
inixed 

2 

No.  1  B 

No.5 

Nos.  9  B  and  9  C 
inixed 

No.  7B 

1  Pennsylvania: 

No.  11 

2 

No.  9 

No.  10 

2 

Illinois: 

No.  12...           ..  .  . 

No.  11...... 

Utah  No.  1 

2 

No.  22B 

1         No.  21 

1 

No.  29  A 

Tennessee: 

Washington  No.  2 

2 

indiftTift' 

1 
1 
1 

3 
3 

No.  1 

No.  12..           .... 

No.  2 

G9 

No.  17 

No.  3 

Kan*a«  No-  <»  

!         No.  4 

Kentucky: 

No.  8 

1         No.  6 

1 

No.9  A 

The  detailed  Jesuits  of  the  standard  series  of  tests  on  these  cokes 
may  be  found  by  referring  to  the  index  table  (pp.  14-19). 


a  This  number  does  not  include  the  tests  on  fuels  received  during  1905,  many  of  which  were  con- 
ducted during  this  period.    These  tests  are  reserved  for  future  publication. 


BRIQUETTING  TESTS. 


By  C.  T,  Malcolmson* 


INTRODUCTION, 

During  the  latter  part  of  1 90-5  tests  were  conduct-ed  ^  on  briqxiets 
made  in  the  briquetting  machine  built  by  William  Johnson  &  Sons, 
ijeedsj  England  J  and  hereinafter  ealled  the  ^*  English"  machine.  No 
attempt  was  made  to  obtain  data  on  these  tests  other  than  superficial 
observations  on  combustion.  The  results  were  entirely  satisfactory, 
and  it  was  therefore  decided  to  continxie,  during  1906^  to  make 
briquets  from  the  smplus  of  samples  of  coal  sent  to  the  plant,  in 
order  to  substantiate  with  practical  tests  the  conclusions  reached 
from  laboratory  experiments  made  during  the  prcYious  year. 

PERSONNEL. 

On  January  1,  1906,  the  writer  was  instructed  to  proceed  with 
these  investigations.  W.  J.  Chapman  was  placed  in  charge  of  the 
operation  of  the  machines,  making  the  briquets  used  in  the  tests 
and  assisting  as  observer  in  obtaining  the  accompanying  data,  and 
Robert  Strasser,  of  Vienna,  was  placed  in  charge  of  the  chemical 
laboratory  of  this  section.  To  this  staff  were  added  G.  E.  Ryder,  in 
charge  of  locomotive  tests,  assisted  by  Ralph  Gait  as  gas  chemist  and 
cor^puter  and  C.  W.  Vocke  as  observer;  also  C.  L.  Wright,  in  charge 
of  physical  tests. 

EQUIPMENT. 

The  work  of  briquetting  the  samples  already  reported  for  other 
tests  made  during  1905^  was  barely  started  when  the  briquetting 
plant  and  all  stored  briquets  and  fuels  were  entirely  destroyed  or 
ruined  by  fire.  In  rebuilding  the  plant,  provision  was  made  for  the 
installation  of  an  experimental  briquetting  machine  of  the  plunger 
type,  built  in  St.  Louis  after  several  years  of  experimentation  and 
known  herein  as  the  *'  Renf  row ' '  machine.  The  f imdamental  difference 
between  it  and  the  English  machine  is  that  the  Renfrow  machine 
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makes  briquets  at  each  end  of  the  stroke  of  the  plunger.  By  this 
design  the  briquets  are  kept  under  compression  in  the  dies  twice  as 
long  for  the  same  output  as  they  are  in  machines  of  the  EngUsh  type. 
The  same  length  of  time  for  compression  being  assumed,  however, 
and  other  conditions  being  equal,  the  Renfrow  machine  has  double  the 
output  of  other  plunger-type  machines.  The  period  of  compression 
is  determined  by  experience  and  fixes  the  speed  of  the  machine.  The 
longer  the  pressure  remains  on  the  warm  charge  the  greater  the  cohe- 
sion and  the  better  the  briquet,  but  the  smaller  the  output. 

Twelve  briquets  are  made  on  the  Renfrow  machine  at  each  end  of 
the  stroke,  or  24  in  each  revolution.  At  12  revolutions  per  minute  the 
output  was  4  tons  per  hour,  on  an  average,  for  all  fuels.  The  machine 
was  successfully  operated  at  16  revolutions  per  minute  with  a  rela- 
tively increased  capacity,  but  the  lower  speed  was  better  adapted  to 
the  experimental  work.  The  pressure  obtainable  under  ordinary 
working  conditions  never  exceeded  1,000  poimds  per  square  inch, 
whereas  a  pressure  of  2,000  to  2,500  poimds  per  square  inch  is  consid- 
ered necessary  to  make  satisfactory  briquets.  For  this  reason  it  was 
found  necessary  to  use  a  softer  pitch  and  a  greater  percentage  of  binder 
than  on  the  EngUsh  machine,  in  order  to  make  good  briquets.  The 
fault  was  somewhat  obviated  on  the  Renfrow  machine  by  the  jacketed 
heaters,  which  made  it  possible  to  control  absolutely  the  moisture 
content.  Advices  have  been  received  that  the  Renfrow  Company 
has  begun  the  construction  of  a  new  machine  capable  of  producing 
higher  pressure,  and  much  stronger  and  heavier  in  every  way.  The 
briquets  will  be  3}  inches  in  diameter  and  will  weigh  12  oimces  each. 

The  EngUsh  machine  was  not  seriously  damaged  by  the  fire,  but  in 
repairing  it  considerable  care  was  taken  to  strengthen  certain  parts, 
to  provide  better  lubrication  and  alignment,  and  to  replace  the  tight 
and  loose  pulleys  with  friction  clutches.  The  new  plant  was  first 
operated  in  May,  1906,  and  as  a  result  of  previous  experience  it  con- 
tained some  improvements  in  the  methods  of  crushing,  mixing,  and 
conveying  the  fuel,  and  of  preparing  the  fuel  and  binder  before  briquet- 
ting.  The  new  auxiliary  equipment  for  the  two  machines  was  not 
materially  different  from  that  originally  belonging  to  the  English 
machine.* 

The  foimdation  of  the  Stedman  disintegrator  was  raised  to  a  level 
with  the  floor  so  as  to  be  more  accessible.  A  storage  bin  of  40  tons 
capacity,  divided  into  four  equal  compartments,  was  built  sufficiently 
high  above  the  charging  floor  to  allow  coal  to  be  drawn  by  gravity 
into  the  hopper  scales  placed  on  this  floor.  A  pitch  cracker  was  so 
placed  beside  the  scales  that  pitch  from  it  and  coal  from  the  scales 
could  pass  uniformly  to  a  mixing  conveyor  directly  under  the  charging 
floor  and  be  discharged  into  the  disintegrator  on  the  floor  below.    By 

«Prof.  Paper  U.  S.  Geol.  Survey  No.  48, 1906,  p.  1392;  Bull.  U.  S.  Geol.  Survey  No.  290,  1906,  p.  40. 
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this  arrangement  small  samples  of  coal  and  binder  could  be  turned 
on  the  charging  floor  and  fed  by  hand  into  the  conveyor  tlirnngh  a 
hole  in  the  floor.  A  bucket  elerator  and  a  divided  chute  provided 
\\dth  a  gate  served  to  convey  the  fuel  from  the  disintegrator  either 
to  the  agglomerating  cyUnder  of  the  Englisli  macliine  or  to  the  stor- 
age bin  built  above  and  directly  behincl  the  Renfrew  machine.  This 
bin  contained  an  agitator  to  prevent  the  fme  fuel  from  packing*  The 
fuel  was  carried  from  the  bin  to  the  hoppers  of  the  Renfrew  machine 
by  belt  conveyors,  the  amount  dehvered  being  regulated  by  gates 
in  the  bottom  of  the  bin.  Provision  was  made  for  the  use  of  either 
liquid  or  hard  pitch  as  a  hinder  for  briquets  made  on  the  Renfrow 
machine.  During  the  hot  weather  considerable  difficulty  was  ex- 
perienced in  conveying  the  finely  divided  and  thoroughly  mixed 
coal  and  pitch  from  the  disintegrator  to  the  Renfrow  machine.  This 
difficulty  was  obviated  by  introducing  the  melted  hard  pitch  into 
the  coal  as  it  entered  the  hoppers  of  the  machme,  care  being  taken 
to  maintain  uniform  temperature  and  rate  of  flow  of  the  pitch. 

The  bronze  bushings  of  the  dies  in  the  Renfrow  machine  were 
renewed  toward  the  end  of  the  period,  and  it  was  thought  advisable 
to  place  heavier  springs  behind  the  plungers,  as  those  in  the  machine 
when  it  was  installed  had  been  badJy  jammed  and  weakened  by 
double  charges.  Similar  renewals  were  made  on  the  English  ma- 
chine, in  which  all  of  the  partition  walls  of  the  bronze  bushings  were 
cracked,  owing  to  improper  alignment  of  the  plungers  and  unequal 
loading  of  the  dies. 

The  necessity  of  maintaining  a  comparatively  large  force  of  com- 
mon laborers  about  the  plant  for  carefid  handling  of  samples,  both 
in  the  raw  and  briquet  ted  form,  justified  the  use  of  more  labor  in  the 
actual  briquetting  operations  than  would  he  found  in  a  commercial 
plant.  The  thorough  cleaning  of  all  conveyors,  bins^  and  auxiliary 
apparatus  before  briquetting  each  sample  was  of  as  much  importance 
for  comparative  results  as  the  actual  briquetting  of  the  fuel;  con- 
sequently no  attempt  was  made  to  develop  mechanical  means  for 
doing  thb  work. 

THE  BRIQUETS- 
DESCRIPTION. 

The  essential  differences  between  finished  briquets  from  the  English 
and  Renfrow  machines  are  (!)  the  shape,  (2)  the  size,  and  (3)  the 
cohesion  of  the  warm  liriquet. 

The  English  briquet  is  re^^tangular,  4 J  by  6f  inches,  and  averages 
2  J  inches  in  thickness  and  3^  pounds  in  weight.  The  Renfrow 
briquet  is  made  in  biscuit  shape  ^  being  a  short  cylinder  3  inches  in 
diameter,  having  rounded  ends,  the  thickness  between  the  ends 
ranging  from  IJ  to  3  inches  according  to  the  fuel.  The  average 
weight  is  S  ounces. 
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The  diflFerence  in  cohesion  of  these  two  briquets  as  they  come  from 
the  machine  is  due  mainly  to  the  method  of  treating  the  fuel  before 
compressing  it  into  briquets.  In  the  English  machine  a  charge  is 
fed  into  the  agglomerating  cylinder,  where  it  is  heated  by  passing 
steam  through  the  mass,  superheated  steam  being  used  if  the  coal 
is  high  in  moisture.  The  finished  briquet  consequently  contains  an 
excess  of  moisture,  which  retards  hardening  and  necessitates  careful 
handling  xmtil  the  briquets  become  cold.  In  the  treatment  of  fuel 
for  the  Renfrow  machine,  uncombined  moisture  is  reduced  to  as  low 
a  point  as  practicable.  The  mixing  of  the  mass  is  accomplished 
uniformly  and  continuously  in  jacketed  cylinders,  using  superheated 
steam.  Toward  the  end  of  this  process  the  moisture  content  is 
raised  to  the  amoxmt  requisite  to  make  good  briquets  by  the  admis- 
sion of  wet  steam  or  water,  according  to  the  temperature  of  agglom- 
erate desired  at  the  dies.  By  this  means  the  moisture  in  the  briquet 
is  kept  constant  and  at  a  minimum.  The  briquets  are  sprayed  with 
water  on  ejection  from  the  dies,  and  on  delivery  from  the  machine  are 
sufficiently  hard  to  be  handled  by  coke  forks  and  loaded  for  shipment. 

BINDERS    USED. 

In  accordance  with  the  practice  well  established  in  Europe  and  the 
results  of  the  laboratory  experiments  of  the  previous  year,  no  l)inder 
has  been  considered  except  two  of  the  pitches  derived  from  the  dis- 
tillation of  the  tar  obtained  as  a  by-product  in  the  manufacture  of 
illuminating  gas.  The  large  and  increasing  use  in  this  country  of 
illuminating  gas  made  by  carburetting  water  gas  with  oil  suggested 
the  use  of  the  pitch  thereby  obtained,  which  is  known  in  this  report 
as  water-gas  pitch  (abbreviated  to  w.  g.  p.).  The  other  pitch  used 
is  that  derived  from  the  destructive  distillation  of  coal,  and  is  here 
called  coal-tar  pitch  (abbreviated  to  c.  t.  p.).  The  pitch  derived 
from  by-product  coke  ovens  was  not  considered,  on  accoimt  of  the  small 
number  of  these  ovens  in  this  country.  In  order  to  obtain  data 
which  would  be  comparative,  all  briquets  in  any  one  lot  were  made 
with  the  same  binder.  The  binder  was  as  nearly  uniform  as  would 
be  found  practicable  in  commercial  operations  where  the  quality  of 
the  pitch  could  not  be  absolutely  controlled. 

QUALITY   OF   PITCH. 

No  eflFort  was  made  to  determine  the  best  quality  of  binder  for  each 
coal,  or  for  each  machine,  because  of  the  small  amounts  of  the  sam- 
ples available.  On  accoimt  of  the  relatively  low  pressure  obtain- 
able on  the  Renfrow  machine,  the  binder  the  smallest  percentage  of 
which  was  required  to  make  briquets  with  satisfactory  physical 
properties  proved  to  be  pitch  just  hard  enough  to  be  broken  easily 
in  the  pitch  cracker,  while  pitch  from  which  more  of  the  heavy  oils  had 


BEFOET   U,   S,    FUEL-TESTING   PLANT^   1906-7. 

been  distilled  produced  less  smoke.  The  hardness  of  the  binder  was 
determined  by  a  compromise  between  these  two  factors.  From  6 
to  8  per  cent  of  binder  was  used. 

The  *' flowing  test'*  for  detennining  the  hardness  of  the  pitch  was 
made  in  the  following  manner:  The  bu]l>  of  the  thermometer  was 
covered  with  a  thin  layer  of  melted  pitchy  which  was  allowed  to 
harden*  The  thermometer  was  passed  through  a  cork  fitted  in  the 
mouth  of  a  test  tul)e,  which  held  the  bottom  of  the  themiomet^r 
bulb  2  inches  from  the  bottom  of  the  tube.  The  test  tube  was  then 
held  in  a  vertical  position  in  a  beaker  of  l)oiling  water.  As  the  pitch 
became  soft  it  gradually  dropped  from  the  thermometer  in  the  form 
of  a  thready  and  the  temperature  recorded  when  this  thread  reached 
the  bottom  of  the  test  tube  was  called  the  *  ^flowing  point.'* 

A  fractional  distillation  of  the  pitch  was  made  as  another  check  on 
its  quality.  From  tliis  distillation  the  oils  coming  off  under  572^  F-, 
between  572°  and  eSO""  F,,  and  between  6S0''  and  743°  F.  were  re- 
corded. The  most  reUal)le  test  that  was  found  for  determining  the 
binding  property  of  a  pitch  has  already  been  described,^  Pitch  that 
at  the  temperature  of  the  mouth  coidrl  be  bitten  nearly  through 
before  breaking  proved  the  most  satisfactory  binder  for  most  coals 
briquetted. 

The  residts  of  the  tests  on  binders  are  given  in  the  following  table: 

Test9  and  afyalysu  of  pitch  frtiwJera. 


Oil!  by  diittllatiofi  (percsant). 

Extrac- 
tion 
analvaiBl 

Pltohex- 

Labcira^ 
tory  No. 

CaJoTlflc 
(B.t.u.). 

Flowing 
point 

Upto 

672»tO 
680^  F. 

mrto 
74a*  r. 

Total 
up  to 
743"  F. 

tnit:t*;d 
(Siimplfi 

as  Te- 
mved) 
byCSi 

(pet 

emt). 

373li 

ise.i 

Data  [os 

1  in  fire  . . 

58.56 

3729 

2S5.D 

..,-;ao„ 

61.20 

2748 

144.0 

.....do.. 

89.20 

2m 

32S8 

"ihlm" 

i7ao 

179.6 

.....do.. 

80.27 

3.66 

""ii'go" 

~^'\s.W 

■"aiai" 

32l» 

16,427 

171.5 

3.08 

U,67 

11.82 

26,47 

82.43 

mm 

Ii>,47S 

175.1 

.85 

15.21 

9.11 

26.17 

79.98 

2m 

1^,407 

18*.8 

1.76 

«.00 

17.00 

24,70 

86.57 

sm 

16.027 

165,2 

.85 

11.15 

10.15 

26.16 

09.2(1 

3a24 

I6,lfla 

172.4 

1.26 

10,35 

9.40 

20,00 

90.00 

ms 

16,103 

158,0 

1.89 

10.90 

1.03 

22.«2 

69.71 

3S8£ 

lfl.870 

140.0 

1.4a 

14.83 

18.  li 

34.44 

96.20 

ms 

lfi,19e 

I5&.S 

3.00 

12.75 

10.75 

26.60 

77.79 

4120 

17,0ttt 

154.4 

.75 

11.25 

17,2,^ 

29.25 

97.70 

4318 

16,744 

iea.2 

1.00 

11.10 

13.50 

26.  (» 

m.43 

4^10 

111,  1^ 

15S.0 

2.75 

10.  So 

9.W 

23,00 

66.26 

454a 

16.&G0 

143.0 

1.62 

17.31 

20.13 

39.06 

99.66 

4025 

16, 676 

156.:; 

1.61 

ft.SirJ 

14,30 

26.47 

90.56 

4lfm 

l«,(i37 

I«l.tt 

1.28 

11.64 

mM 

2S,t» 

89,31 

4m 

16,604 

143.0 

1.09 

0,« 

15.23 

36.76 

00.90 

4Si& 

17,160 

114.lt 

.46 

1.05 

4.26 

6.76 

100.00 

4m 

Ifl^SOS 

125.0 

1.S3 

15.  K 

15.15 

33.01 

u.m 

4Frof.  Paper  U,  S,  Owl,  Sarroy  Ko,  48,  pt.  3,  1906^  p.  120Qv 
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PERCENTAGE    OF   BINDER. 

In  handling  a  given  sample  of  coal  various  percentages  of  binder 
were  used  in  briquetting  lots  of  600  pounds.  The  remainder  of  the 
coal  was  briquetted  with  the  minimum  percentage  of  binder  found 
necessary  to  make  a  satisfactory  briquet.  In  all  cases  the  fuel  and 
binder  were  both  weighed  separately,  and  the  percentages  of  binder 
given  are  taken  from  these  figures.  The  extraction  analyses  by 
carbon  bisulphide,  the  results  of  which  are  given  in  the  above  table, 
were  made  from  carefully  selected  samples  of  coals,  pitches,  and 
briquets,  and  the  percentage  of  binder  in  the  finished  product  was 
calculated  from  these  determinations. 

SAMPLING   AND   DRYING. 

A  majority  of  the  coals  sent  in  for  briquetting  tests  only  were  slack 
coals  and  were  imloaded  on  the  groimd.  Unless  these  samples  had 
been  subjected  to  heavy  rains  they  were  taken  direct  to  the  briquet 
bins.  Washed  samples,  very  wet  slack,  and  coals  high  in  moisture 
were  passed  through  the  direct-heat  rotating  drier  furnished  by  the 
C.  S.  Snow  &  Bartlett  .Company.  In  some  cases,  where  the  mois- 
ture content  was  very  low,  so  that  it  was  necessary  to  add  consider- 
able water  to  the  coal,  the  water  was  added  before  grinding,  samples 
for  moisture  being  taken  during  the  course  of  the  day's  run. 
Ordinarily,  however,  the  coals  and  the  binder  were  sampled  as  they 
were  fed  into  the  disintegrator.  The  steaming-test  analyses  of  bri- 
quets were  used  where  possible  and  are  given  in  this  report.  When 
no  steaming  tests  were  made,  the  samples  for  analyses  were  taken 
as  the  briquets  left  the  machine.  All  briquets  shipped  from  the 
plant  for  test  were  sampled  as  loaded  and  not  as  taken  from  the 
machine. 

TESTS   ON    BRIQUETS. 
COMBUSTION   TESTS. 

The  only  method  available  for  determining  the  relative  heating 
values  of  briquets  consisted  in  burning  them  under  boilers,  the  con- 
ditions being  uniform  with  those  for  the  steaming  tests  on  coals. 
These  tests  were  made  by  the  boiler  section  in  every  case  where  there 
was  a  sufficient  number  of  briquets,  and  are  reported  imder  '^Steam- 
ing tests"  in  this  bulletin.  When  coal  was  not  available  to  make 
enough  briquets  on  each  machine,  with  the  same  percentage  of  binder, 
for  a  complete  steaming  test  on  both  the  English  and  Renfrew  bri- 
quets, the  test  was  divided  into  five-hour  runs  on  each  machine. 

Several  small  lots  of  briquets  containing  various  percentages  of 
binder  were  burned  under  the  boiler  to  note  the  behavior  of  the  bri- 
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quets  in  the  fire  anti  the  effect  on  quantity  of  smoke^  but  the  m 
test  was  on  briquets  of  a  uniionii  percentage  of  hinder*  In  many 
testa  it  was  nece^aty  to  break  up  the  English  briquets  in  order  to 
obtain  capacity  on  the  boiler,  although  erery  effort  was  made  to  bum 
them  imbroken  for  comparatiye  results. 

Besides  these  tests  on  briquets  at  the  plant,  two  series  of  tests  were 
run — one  using  the  briquets  in  locomotive  boilers,  and  the  other  in 
boilers  for  house  heating.  In  the  detailed  reports  given  in  this  vol- 
ume tests  from  which  the  briquets  were  used  in  locomotives  are  indi- 
cated by  a  star  (*)  attarhed  to  the  test  number,  and  those  from  which 
tile  briquets  were  used  in  house  boilers  by  a  dagger  (f).  In  many 
tests  the  product  was  divided p  part  being  used  for  a  house  test  and 
part  for  a  locomotive  test*  The  reports  on  these  special  tests  are 
reserved  for  publication  in  .a  subsequent  buUetin. 

DROP   TESTS. 

An  effort  was  made  to  obtain  reliable  data  on  the  crushing  strength 
of  the  various  briquets.  After  repeatetl  trials  on  selected  bHquets 
from  several  runs,  the  record  was  abandoned,  as  the  resiUts  from 
briquets  made  of  the  same  coal  and  under  similar  conditions  did  not 
check.  Briquets  taken  at  random  from  the  same  lot  differed  widely. 
The  following  method  of  testing  the  strength  of  the  briquet^s,  called 
the  *'drop  test/'  was  chosen  as  an  approximation  of  the  handling 
to  which  they  would  be  subjected  in  commercial  use.  A  l>ox,  24 
inches  square  and  12  inches  doop,  was  constructed  with  a  bottom 
consisting  of  two  trapdoors  hinged  at  the  sides  and  so  closed  as  to 
be  easily  tripped  open.  This  box  was  supported  6^  feet  above  a 
cast-iron  plate j  wliich  was  placed  at  the  bottom  of  a  second  box  12 
inches  deep*  Fifty  pounds  of  Ijriquets,  placed  in  the  upi>er  box, 
were  suddenly  dropped  upon  the  casl-iron  plate.  The  mass  was 
then  screened  on  a  1-inch  mesh  wire  screen,  and  all  the  pieces  held 
were  again  dropped  from  the  box;  and  so  on  until  the  dropping  had 
been  perfonned  five  times.  The  percentage  of  the  weight  of  the 
pieces  held  at  the  last  screening  to  the  original  weight  of  the  briquets 
was  called  **per  cent  held  by  1-inch  screen/*  and  the  remainder  waa 
called  ^*per  cent  through  1-inch  screen/' 


TUMBLER   TESTS. 

The  tumbler  tests  were  chosen  to  obtain  a  fair  record  of  the  cohe- 
sion of  the  briciuets,  especially"  when  subjected  to  abrasive  action. 
The  method  used  follows  closely  the  one  adopted  by  the  French 
navy  and  used  as  a  standard  in  France.  The  apparatus  consisted 
of  a  tumbler  manufactured  by  the  S.  Obcrmayer  Company,  A 
number  of  whole  briquets  \^  eighiug  as  near  50  pounds  as  possible 
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were  placed  in  the  tumbler  and  rotated  for  two  minutes  at  a  uniform 
speed  of  28  r.  p.  m.,  after  which  the  contents  of  the  tumbler  were 
screened  through  a  1-inch  mesh  screen  and  the  finest  again  screened 
through  a  10-mesh  sieve.  The  pieces  held  by  both  screens  were 
weighed  and  the  data  in  the  tables  determined  by  these  weights. 

WEATHERING   TESTS. 

Small  piles  of  all  briquets  made  were  labeled  and  placed  in  a 
yard  exposed  to  the  weather.  Although  all  the  briquets  have  not 
had  unifonn  weather  conditions,  the  length  of  the  exposure  is  a  fair 
basis  for  comparison.  As  no  ideal  briquet  is  available  as  a  stand- 
ard for  comparison,  it  is  difficult  to  give  in  a  concise  statement  the 
actual  condition  of  these  briquets.  The  following  is  the  key  to  the 
designation  of  condition  given  imder  '*  Weathering  test:'' 

Condition  A:  Briquets  practically  in  same  condition  as  when  put 
out.  Surfaces  show  no  signs  of  erosion  or  pitting.  Briquets  hard, 
with  sharp  edges,  and  fracture  same  as  that  of  new  briquets. 

Condition  B:  Shape  of  briquets  imchanged.  Surfaces  of  those  on 
top  of  pile  have  lost  luster,  with  evidences  of  pitting;  comers  and 
edges  worn  off  by  erosion.  All  briquets  firm,  with  fracture  prac- 
tically the  same  as  that  of  new  briquets. 

Condition  C:  Top  briquets  appear  similar  to  those  in  condition  B, 
and  show  signs  of  further  disintegration,  having  lost  original  sharp 
fracture.  Erosion  more  evident  on  all  briquets  on  outside  of  the  pile. 
Inside  briquets  still  firm,  retaining  original  characteristics. 

Condition  D:  Top  briquets  so  badly  disintegrated  that  they  crum- 
ble to  pieces  on  handling.  Briquets  in  center  of  pile  show  signs  of 
disintegration;  luster  of  surfaces  gone;  edges  soft,  and  break  easily  in 
the  hand.  Fracture  not  so  sharp  as  when  newly  made,  but  briquets 
firm,  and  handled  without  breaking. 

Condition  E:  Entire  pile  disintegrated.  In  many  cases  the  only 
briquets  retaining  their  original  shape  are  those  protected  from  the 
weather.  Briquets  can  not  be  handled  safely,  but  crush  easily  in  the 
hand. 

ABSORPTION   TESTS. 

The  object  of  the  absorption  tests  was  to  determine  (1)  the  rate 
of  absorption  of  water  by  the  briquets  each  day ;  (2)  the  time  required 
for  the  absorption  to  become  practically  complete;  and  (3)  the  time 
at  which  the  absorption  actually  ceases  or  the  briquet  disintegrates. 
The  apparatus  consisted  of  a  hydrostatic  balance  with  containing 
tank  and  four  galvanized-iron  pans  24  by  36  by  6  inches.  The  total 
number  of  samples  were  tested  in  two  sets — briquetting  tests  138  to 
198  and  199  to  250. 
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Four  Renfrow  briquets  or  one  English  briquet  were  taken  as 
sample  from  each  representative  lot  of  briquets  tested.  These 
briquets  had  been  Btored  under  cover  directly  after  being  made,  so 
the}^  may  be  safely  considered  as  air-dried  samples-  So  far  as  possible 
briquets  with  perfect  surfaces  were  used. 

The  method  used  in  testing  was  aa  follows: 

(a)  The  sample  was  weighed  in  air  to  the  nearest  gram,  on  the 
upper  part  of  the  hydrostatic  balance, 

(6)  The  sample  was  then  weighed  in  water  by  being  submerged 
on  the  lower  shelf  of  the  balance,  the  hour  and  mmute  of  this  immer- 
sion being  noted. 

(c)  The  sample  was  removed  from  the  balance,  placed  in  pans,  and 
covered  with  one-half  inch  of  water, 

(rf)  Each  succeeding  day  at  the  same  time  as  the  fiist  immersion 
the  operation  noted  in  b  was  repeated* 

(e)  The  gain  in  weight  was  noted  each  day  by  subtracting  the 
observation  for  that  day  from  the  weight  noted  in  6* 

(f)  This  gain  in  weight  was  calculated  to  per  cent  of  the  original 
weight  of  the  dry  briquet,  and  so  recorded  each  day. 

The  hydrostatic  balance  was  brought  to  perfect  adjustment  twice 
a  day  to  correct  for  variation  in  density  of  water  due  to  variations  in 
its  temperature,  which  was  recorded  three  times  daily* 


DENSITY. 


The  apparent  specific  gravity,  being  the  weight  in  air  divided  by 
the  loss  of  weight  in  water,  was  calculated  from  readings  a  and  h  of 
the  absorption  tests. 

SPECIAL   TESTS. 

Water-pas  machine  test* — The  object  of  this  test  was  (1)  to  deter- 
mine if  the  briquets  could  be  used  as  fuel  for  tlie  production  of  water 
gas;  (2)  to  compare  the  results  obtained  with  those  from  retort  coke; 
(3)  to  observe  the  behavior  of  the  briquets  in  the  apparatus. 

The  briquets  made  in  test  164f  (see  p»  75)  were  shipped  to  the 
Miillaophy  street  station  of  the  Laclede  Gas  Company,  of  St,  Louis, 
Mo.,  and  tested  in  an  8i-foot  water-gas  machine  of  the  Lowe  type. 
This  machine  has  a  rated  capacity  of  1, QUO, 000  cubic  feet  in  twenty- 
four  houi^.  This  te^t  was  made  under  the  direction  of  W-  A.  Baehr, 
chief  engineer  of  the  company,  and  the  observations  given  below  were 
made  by  ilr.  Wright, 
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Datafr&m  water-gas  machine  test. 

Length  of  blast minutes. .  5 

Length  of  run do 6 

Total  number  of  cycles 42 

Total  number  of  runs  made 213- 

Total  briquets  used pounds. .  85, 100 

Total  gas  recorded'by  meter  in  48  hours cubic  feet. .  1, 959, 000. 

Correction  for  relief  holder do 56, 100 

Total  gas  made  in  48  hoiirs do 1, 902,  900 

Average  temperatiure  of  gas  metered **  F. .  73 

Total  gas  made  in  48  hoiirs  corrected  to  60°  F cubic  feet. .  1,  854, 000 

Total  oil  used  in  48  hours gallons. .  7,  710 

Average  pressure  of  air  during  blast inches  of  water. .  22.  5 

Average  steam  pressure  during  runs pounds. .  29.  2 

Briquets  per  1,000  feet  of  gas  as  metered  (corrected  to  60**  F.) do 45. 9 

5-hour  coke  per  1,000  feet  of  gas  as  metered  (corrected  to  60*»  P.).  -  -do 31. 5 

Oil  per  1,000  feet  gas  as  metered  (corrected  to  60°  F.) gallons. .  4. 16 

Average  luminosity  of  gas  made candlepower . .  19. 4 

,   fwith  briquets candle  feet..  4.65 

Average  amount  of  gas  madej^-^j^^j^^^^^j^^ ^^  5  ^^^ 

,      ^      ,        ,  ,   fwith  briquets *.  ...B-t.  u..  624 

Average  heat  value  of  gas  madej^-^j^^j^^^^^^^ ^^  ^^3 

.  ,  J    -  .       ,  (with  briquets cubic  feet. .  8, 940 

Average  yield  of  gas  as  metered  per  runj^.^^  ^^^^^  ^^^ ^^  g^^ 

Average  amount  of  oil  per  run gallons. .  36. 2 

Oupola  test. — ^The  briquets  made  in  test  247  (see  p.  298)  were  sent 
to  the  Madison  plant  of  the  American  Car  and  Foimdry  Company,  of 
St.  Louis,  Mo.,  and  were  tested  in  a  cupola  under  the  direction  of 
Mr.  Ireland,  of  the  coking  section.  The  object  of  this  test  was  to 
determine  if  the  coke  breeze  when  briquetted  could  be  made  to 
replace  or  be  used  in  connection  with  coke  in  foundry  practice.  It 
was  hoped  that,  by  the  addition  of  lime  to  the  pitch  as  a  binder,  the 
briquets  would  be  able  to  support  the  weight  above  until  they  became 
thoroughly  coked  through,  the  lime  being  available  also  as  a  flux. 

Coke  was  used  during  the  first  charges  and  150  pounds  of  briquets 
were  used  on  each  of  the  last  five  charges,  although  100  poimds  of  fuel 
is  the  regular  practice  at  the  foimdry.  The  briquets  were  considera- 
bly broken  up  during  the  charging  of  the  iron,  and  finally,  as  they  got 
down  well  into  the  cupola,  they  broke  down  entirely,  letting  the  iron 
down  below  the  melting  zone.  After  dropping  the  bottom,  about 
1,500  pounds  of  immelted  iron  was  foimd  in  the  cupola. 
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COALS  TESTED. 

In  thi;^  report  are  inchnied  KM^  briquetting  tests  on  53  coajs  from 
16  domestic  States  and  1  Territory  and  one  sample  from  Argentina^ 
as  follows: 

Briquetting  tmU  made,  hy  StattA^  etc. 


CnftU 

Nuiij^ 

Coal. 

Num- 
beror 

teat  a. 

cwd. 

Nun*-. 

hero! 

tfSBlS. 

Alabama: 

5^0.  2B _.,.,, 

1 

3 

IndlAoa-^ontlniiBd. 
No.  19.,.. 

1 
t 

No.  *  (with  Uim»U 

lftawiwNft,S) 

No^TB 

Ko<k  9  »  juul  «  C 

No*4... ., 

No,  30 ........... 

2 

Aige&tii^  Nol  1 ,  ^ «...*» „ 

No.  2B,.„... J 

No.  2C._ ._. 

1 

Ark*DSfl»; 

No.  7B ... 

1 

No.  13... - 

m.7% 

N0.9C...     .....  ... 

No.  9 

lUnsflJi  No.  2  B, . . , , .,,. , 

M*ryliitnl  No,  a „». 

MIsaoar!  No,  10.. _....... 

No*  15 , 

No.  10.... ,,, 

TexftiiNo,  4,*_ ** 

Ulaht 

No.  1  (with  Hhoflfl 
IftinndNo-n 

No.  2 .,. 

No,  2   (wilh    aiir»aft 

Inland  No.  I) 

VirgiulaNo.5B ,., 

Wa^hlTi^on  No.  2„ , ,  * ,  ^ 

Wyoming  No,  ti 

MiaL^llfiJieoua: 

No,fi.. ...-..., 

1 
1 

Kti.l2B. _,„. 

NcK  ao  (with   Kmi-  I 

Ko.  21.,. _ 

1 
1 

No,  16  fwfth  Ehodd 

laland  No.  !)..._.. 

No.  lfi,„. 

1 

No.  23  0 - 

2 

No,MA, „........,, 

No,  18 ,....,..,. 

1 

NaasB! ....::' 

No.  IS  iwith  MiBwl- 
laneouH  No.  9L.*.. 

N».  IS  (with  Rho<te 
laUndNo.  1) 

B 

jf&.  aQA „ 

No,  30 ....*.-.,.^ 

1 

No*  31,,,.. ,«„ 

Nij,S3 ..,.^.. 

No.aD... . 

lU 

ludiaiM: 

No.  I  B..,- ,.,., 

No.  23.......... 

No.1 -,..,,^ 

No,  a  fl„,..^.*.^,^,. 

No,«B ,-„. 

N<i,i,. .............. 

The  detailed  results  of  the  briquetting  tests  may  be  found  by 
referring  to  the  index  table  (pp.  14-19). 


o  This  number  does  not  include  14  tests  conducted  on  coals  received  during  1905,  which  are  withheld 
lor  future  publication.  ♦ 


RESULTS  OF  TESTS,  BY  STATES. 


The  following  are  the  detailed  results  of  tests  made  on  the  various 
samples  of  coals  received  from  January  1,  1906,  to  June  30,  1907, 
arranged  alphabetically  according  to  States,  and  showing  in  definite 
order  (see  index  table,  p.  14),  under  the  head  of  each  fuel,  all  the 
tests  made  on  the  different  samples  of  that  fuel. 

ALABAMA. 

AIjABAMA  l^O.  2.0 

Bituminous  coal  from  Carbon  Hill,  Walker  County,  on  the  Frisco 
System,  was  designated  Alabama  No.  2  B.  The  coal  as  worked  at  a 
depth  of  30  feet  at  this  place  averages  4  feet  6  inches  in  thickness. 

One  sample  of  nm-of-mine  coal  was  shipped  imder  the  supervision 
of  J.  S.  Burrows  to  the  testing  plant,  and  was  used  in  making  steam- 
ing tests  382,  383,  and  410  (on  briquets);  washing  test  163;  coking 
test  142  (washed  coal);  cupola  tests  107  and  131;  and  briquetting 
test  131. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
3011  was  taken  3,500  feet  northeast  of  slope,  where  the  coal  measured 
4  feet  5  inches  in  thickness.  Sample  3012  was  taken  3,500  feet  north 
of  slope,  where  the  coal  measured  4  feet  6  inches  in  thickness. 

CHEMICAL  ANALYSES. 

Alabama  No.  2  B. 


Mine  a 

imples. 

3012 
2.40 

4.51 

31.81 

54  76 

8.92 

1.48 

Car 
sample. 

Steaming  tests.& 

382. 

383. 

410. 

Laboratory  No 

3011 
2.70 

4.71 
31.80 
53.32 
10.17 

1.33 

C3211 
1.70 

3.95 
30.70 
50.76 
14.59 

1.12 

4.57 
66.21 

1.49 
12.02 

A  Ir-drvini?  low                

Proximate: 

Moisture. 

3.80 
32.09 
50.47 
13.64 

1.19 

4.35 
69.71 

1.57 

8.95 
14.18 

1.24 

3.95 
30.70 
50.76 
14.59 

1.12 

4.30 
68.94 

1.55 

8.85 
15.19 

1.17 

3.43 

VolatilA  matt««* 

32.74 

Fixed  carbon t 

51.34 

Ash          

12.49 

Sulphur 

1.24 

Ultimate: 

H  vdroeen 

4-77 

Carbon     

72.17 

Nitrogen • 

1.58 

Oxveen          

7.27 

ASr^!;\;.\;;::::::::::::::::::::::-. 

12.93 

Sulphur           

1.28 

Calorific  valun  (as  leoeived) : 
Determined 

/calories. . 
■IB.t.u... 
te/calories. . 

6,998 
12,596 

6,547 
11,785 

6,433 
11,579 

1 

CalrulatAd  from   xiitfma 

1 

analysis 

..tB.t.u... 



«  For  tests  of  ooal  from  this  mine  made  during  1904,  see  Bull.  U.  S.  Geol.  Survey  No.  261,  1905,  pp.  32, 
80. 88, 122;  Prof.  Paper  U.  8.  Geol.  Survey  No.  48,  1906,  pp.  38, 197,  337. 1017, 1328. 
b  Proxtmate  analysts  of  ooal  as  fired;  mtimato  analysis  of  dry  coal  figured  from  car  sample. 
e  Sample  taken  from  steaming  test  383. 

AH 
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EEPOET  TJ,   S,    FUEL- TESTING  PL»ANTj   1906-7. 

STEAUING  TESTS. 

Alabama  No.  2  B  {nm  of  niiiie). 


Stnaatsaeid: 
Ovflrl  Inch. 
I  inch  to  1  Lnch. 


do... 

-...^_- ..IlDUrB. 

n,  ^er  pound  ^Jty  fue^i. 


linuh  to  J  mclu.„.^,,,.- , ,...*--,,*-.-,»»»,...*,.,dO^ 

UndcT  1  Icmb 
Dura t ton  ni  tost 

Forco  tir  draft 

irndor  sliijck  dwnper,  .*  .„, . .  .„-,,,.  ,,_.„.,.,.,„,,,,  ,tiiRh  water. . 
Abovo  flni....... _-. **^..,-^^^.,,-^^^ do.... 

Fiirn4Pt+  UmitK? mtura  * , .,  .,1 .._,,, , ,,„.,,,  ,*F. , 

Dry  fuel  u»eu  per  BquAns  foot  of  gr^te  nirfifld  per  hoiir« .. . ....  pounds. . 

Equivalent  water  eYttpora.ted  per  squiue  foot  of  wut^'r-hi^tJtig  Aurfiu^ 
iwr  hour- ............  poands. . 

Pen^ntagw  of  riitt^d  lictrsi^povti?r  of  l^oUci"  d€5v^oped .....-..,,. , , ,  „ 

Watt^r  flpparc'iitly  <?Ytiporat«d  pc^r  pound  of  fuel  as  fired . . . « ^  ^.poutida,  ♦ 

Water  evaponitfMl  from  iiUlI  ut  21^  F.: 

For  pound  of  fuel  as  flrpd.. , ^._..._^ ,^_. ^do 

par  pound  of  dry  Jut*!....  ..,,,,.-^^„.l:.-,,...,..,. do 

Per  pound  of  combuitlble, ..^. _.,-..,■, ..._--■., -.*,.dio.*,, 

Elllciefir?v  of  boUsTj  liMludixig grate,, _„**.^„....-^... ,.-*.,.. per OBnt*. 

Foel  as  dr&d: 

Per  Indicated  horwpowpr  hour  .,.,.--, ,_...,.,poutul».. 

Per elwtrijcal horsopowoT  hcmr  ^.,......-.--...,-^-. ,...., do.,,H 

Dry  fuel; 

Per  indli!^ted  liorscpower  hour  _  ..^.. ., . .  ^ ......  ^ ._  _.  .do»  .._ 
pe^  electtical  horsepower  hour ,-,.,, ,  — do„ , ,  i 


Taat^Si. 

Teat  383. 

t)&.4 

4S.3 

19.4 

26.7 

a.  5 

12A 

8.7 

ia,tf 

10.0 

iaD3 

ia,4ii 

u/m 

(km 

atf4 

.1* 

.12 

2,380 

2,030 

^.53 

17,  aft 

3.S7 

2.  S3 

itmfi 

7a2 

h.e& 

0L64 

rm 

7.sa 

&24 

&30 

B.m 

fl.92 

«412 

IM.M 

3,  ST 

3.50 

440 

443 

3.43 

3.45 

424 

43Q 

Teat  410, 


Soap*  4©. 
2.2la 

iai3 

0L4 
7.6 

S.08 
9.00 
10.^ 
67.ii0 

3.2S 
40? 

3,14 
.88 


Remmrk^^ — Test,  410  on  hriqaetB  from  test  131 ;  Renfrow  briqueta  duriug  the  firat  half 
find  ET]glish  briqueta  dunng  the  liist  half  of  the  t'BsC.  No  dlKenMice  waa  not^  in  the 
aclion  of  the  two  kinrb  of  briqueta  while  btiming,  both  huming  with  a  long  flame  with- 
OMi  emoke,  diking  and  holding  together  ^\ell,  The  Renfrow  hriqiieta  as  fired  were 
badly  broken  up.     No  clinker;  ash  of  gray  color  and  mediiun  weight. 

WASHINO  AND  COEINO  TESTS. 

Alabama  No.  2  B  (run  of  mine). 

Washing  test  163. — Size  as  used,  crushed  to  2  inches;  jig  used,  Stewart.  Raw  coal, 
15,860  pounds;  washed,  13,700  pounds;  refuse,  2,160  pounds. 

Coking  test  142. — Size  as  used,  washed,  finely  crushed.  Duration  of  test,  51  hours. 
Coal  charged,  10,530  pounds.  Coke  produced,  6,197  pounds;  58.85  per  cent.  Breeze 
produced,  684  pounds;  6.50  per  cent.  Total  yield,  65.35  pounds.  Poor  coke,  soft  and 
dense. 

Analyses. 


Moisture 

Volatile  matter 
Fixed  carbon . . 

Ash 

Sulphur 


Washing  test  163.       Coking  test  142. 


Raw 
coal. 


I  Washed 
coal. 


3.95 
30.70 
50.76 
14  59 

1.12 


6.29 


9.39 
1.22 


Coal. 


6.26 

31.99 

52.66 

9.09 

1.36 


Coke. 


3.04 

1.06 

82.15 

13.75 

1.16 


TESTS — ALABAMA. 
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Cupola  tests  of  coke  made  from  Alabama  No.  2  B  coal  (washed). 

CHARGE. 


ColtB. 

Flu- 
idity 
strip 

H&teriAlA. 

DIvtBlona  of  nhftige. 

Copiila 
test 
Ko. 

Teat 
No. 

Bpe- 
cmc 
grav- 
ity. 

Ratio 
Iron  10 

1. 

2. 

3. 

4. 

5. 

Total. 

10. 

m 

143 
142 

Pertt. 

o.mm 

.07(30 

l.BS 

7 
7 

09.  & 

rcokfl 

Pig  iron 

Cake,.,..,... 
Pigiitin 

Lb*. 
200 

200 
300 
OQO 

300 

Lbr. 

4ia 

1^ 

413 
138 

Lbs. 
58 

138 
5S 
413 
138 

67 
412 
137 

57 
412 
137 

Lb$. 

137 
ST 

137 

750 

430 

2,2S0 

7i50 

RECORD  OF  MELT. 


Blast  pressure. 

Iron 
run- 
in— 

Weight  of  iron. 

Melting. 

Recovered. 

Cupola 
test 
No. 

Onat— 

Maxi- 

mum. 

Poured. 

Addi- 
tional 
melted. 

Total. 

Time. 

Rate 

per 

hour. 

Ratio 

iron 

to 

coke. 

Loss. 

Iron. 

Coke. 

107 
131 

l.fi0p.  m 

10.42  a.m... 

Oz. 

7 
7 

Min. 
5 

7 

Lbs. 
2,257 
1,852 

Lbs. 
322 
365 

Lbs. 
2,679 
2,217 

Min. 
31 
29 

Lbs. 
4,991 
4,687 

6.66 
5.80 

Per  ct. 
6.9 
12.33 

Lbs. 
214 
413 

Lbs. 
37 
48 

LADLE  RECORD. 


Test  107. 

Test  131. 

Ladle  No. 

Test  107. 

Test  131. 

TAdle  No. 

Pounds. 

Time 
(p.m.). 

Pounds. 

Time 
(a.m.). 

Pounds. 

Time 
(p.  m.)- 

Pounds. 

Time 
(a.m.). 

1 

60 
69 
89 
98 
82 
101 
70 
81 
83 
80 
87 
95 
82 
99 

2.11 

2.11J 

2.16 

2.16^ 

2.19 

2.19i 

2.20 

2.22 

2.22^ 

2.23 

2.23i 

2.24 

2.25 

2.2^ 

33 
79 
77 
30 
74 
73 
68 
72 
76 
46 
71 
60 
94 
47 

10.51 

10.53 

10.56 

10.57 

10.58i 

10.59 

11.03 

1L04 

11.04i 

11.05 

11.07 

11.07* 

11.08' 

ll.OSi 

15 

75 
79 
81 
89 
69 
85 

102 
79 
69 
83 

103 
52 
97 

2.26 
2.26i 
2.27 
2.28 
2:29 
2.30 
2.30J 
2.31 
2.31J 
2.33 
2.33i 
2.34 
2.35 

90 
62 
102 
^      94 
^^     60 
86 
20 
86 
53 
86 
82 
131 

11.11 

2 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

11.11* 

3 

11.12 

4 

11.13 

5 

11.134 

6>:;. :::.:... 

11.14 

7 

11. 14i 
11.15 

8 

9 

11.15i 

10 

11.16 

11 

11.17 

12 

11.18 

13 

14 

Remarks. — ^Teet  107:  Iron  very  hot  and  fluid. 

BBIQUETTINO  TEST. 
Alabama  No.  2  B  (run  of  mine). 

Test  ISl, — Size  as  used:  Over  J  inch,  2.8  per  cent;  ^j^  inch  to  i  inch,  11.6  per  cent; 
^  inch  to  ^  inch,  21.2  per  cent;  :^  inch  to  ^  inch,  23.4  per  cent,  through  ^^  inch, 
41  per  cent.  Kind  of  binder,  water-gas  pitch;  laboratory  No.  3410  (see  p.  40); 
weight  of  fuel  briquetted,  14,000  pounds.  B.  t.  u.  per  pound  of  coal  as  received, 
11,939;  per  pound  of  briquets  as  fired,  12,115;  per  pound  of  binder,  16,478.  For 
analyses  of  briquets  see  page  47  (steaming  test  410). 

English  briquets  made  at  175**  F.,  average  weight  3.31  pounds,  with  5  and  6  per  cent 
binder,  proved  to  be  good  briquets;  fracture  clean;  edges  and  surfaces  firmer  with  6 
per  cent  than  with  5  per  cent  binder.  In  the  drop  test  with  5  per  cent  binder  the 
19698,  Bull.  No.  332—08 4 


FUEL-TESTING  RLANT, 

1-inch  screen  held  QLo  per  cent  and  paesed  8.5  per  cent.     In  the  veftthering  test  all 
were  expoaed  197  days;  condition,  B. 

Renfrew  briquets  made  at  14fP  F.,  average  weight  0*47  ptmnd,  with  6  per  cent  pitchy 
showed  evidences  of  shortage  in  binder;  enrfacee  crumbled  and  fracture  not  clean. 
Seven  per  cent  binder  made  hard,  fimi  surfaces;  broke  without  crumbling,  and  eur- 
faces  and  edges  were  firm.  In  the  weathering  test  the  6  per  cent  binder  briquefje  were 
escpoeed  201  days  and  tlioee  with  7  per  cent  2tX)  day»;  condition  of  botii,  B, 


Ejtractioti  anaiifsrs* 

Ftti^. 

Fad. 

test  tai. 

Uaboiutory  No '^   „„^.  ,.,,,  ,„  ....     

B410 

3SU 
1.7^ 

1.37 
1.8S 

Alr-drytcg  {nam „ ,. 

Extracted  by  C&fi 

Alr-driwl... ....,„ 

..iL....-.^.d,.. ........ ^. .... per wmt.. 

0.80 

..do.... 

4.79 

*J 

7&.m 

4.75 

Pitjjh  in  bdqUfetdi  o^b  njoeivM , 

. .    ._Ai. ... 

4.32 

ALLtVBAMA  NO.  », 

BituminoiiB  coal  from  Gamsey,  Bibb  County,  on  the  Louisvill(>  and 
Nashville  Tiailroad,  was  desiccated  Alabama  No.  3,  The  coal  as 
worketl  at  a  depth  of  700  feet  at  this  place  averages  5  feet  6  inches  in 
thickness, 

Rim-of-mine  coal  shipped  under  the  superTision  of  John  W.  Groves 
was  used  in  makinj^  steaming  tests  390  and  394;  washing  test  161; 
coking  tosts  i:js  (niw)  and  VA9  (w^ashed);  and  cupola  tests  101,  108, 
and  132. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  3018 
was  taken  2,700  feet  south  of  the  slope,  where  the  coal  measured  5 
feet  in  thickness.  Sample  3019  was  taken  2,500  feet  southwest  of  the 
slope,  where  the  coal  measured  5  feet  8  inches  in  thickness. 

CHEMICAL  ANALYSES. 
Alabama  No.  3. 


Laboratory  No 

Air-drying  loss .• 

Proximate: 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 

Ultimate: 

Hydrogpii 

Carbon 

Nitrogen 

Oxygen 

Ash 

Sulphur 

Calorific  value  (as  received): 

Detennined {r?!^^' 

Calculated  from  ultimate  analysis. .  -{^^t"®^* 


Mine  samples. 


3018 
1.60  ' 

3.03 
30.94 
55.31 
10.72 
.49 


3019 
1.90 

3.25 
30.43 
54.10 
12.16 
.53 


Car  sam- 
pie.      I 


3255 
1.20 

2.72 
29.46 
53.4(i 
14.36 


4.55 

t)9.99 

1.14 

9.41 


steaming  tests.a 


7.241 
13,034 


6.923 
12,461 

6,829 
12.292 


4.03  i 
66.28 

1.08  ! 

6.62  t 

21.42  I 

.57 


394. 




2.93 

28.03 

48.25 

20.79 

.55 

2.88 

29.58 

49.12 

18.42 

.58 

4.15 
68.34 
1.11 
6.83 
18.97 
.60 


o  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
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Alabama  No.  3  (run  of  mine). 
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Size  as  used: 

0  ver  1  inch per  cent . 

i  inch  to  1  inch : do... 

1  inch  to  J  inch do . . . 

Under  J  inch do.. . 

Duration  of  test hours. 

Heating  value  of  coal B.  t.  u.  per  pound  dry  coal. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  Are do... 

Fumace  temperature °  F . . . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour, 

pounds 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds . 

Water  evaporated  from  and  at  212^  F: 

Per  pound  of  coal  as  flred do. . . 

Per  pound  of  dry  coal do. . . 

Per  pound  of  combustible do. . . 

Efficiencv  of  boiler,  including  grate per  cent. 

Coalasnred: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  coal: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horaeiMwer do. . . 


Test  390. 

Test  394. 

19.9 
1&6 
19.4 
42.1 
10.0 
11,806 

13.7 
19.5 
19.9 
46.9 
10.0 
12, 175 

0.55 

.18 

2.040 

20.69 

0.60 

.21 

2,160 

21.04 

3.31 
92.7 
6.69 

3.38 
94.8 
6.70 

7.77 
8.00 
10.49 
65.44 

7.82 
8.05 
10.21 
63.85 

3.64 
4.49 

3.62 
4.47 

3.54 
4.36 

3.51 
4.34 

WASHINO  AND  COEINO  TESTS. 

Alabama  No.  3  (run  of  mine). 

Washing  test  161, — Size  as  used,  crushed  to  2  inches.    Jig  used,  Stewart. 
coal,  18,000  pounds;  washed,  16,500  pounds;  refuse,  1,500  pounds. 

Coking  tests. 


Raw 


Size  as  used 

Duration  of  test hours. . 

Coal  charged pounds.. 

Coke  produced : br1c°„i;; 

B«e«.  produced ^""^niW 

Total  yield do 


Test  138 

Test  139 

(raw). 

(washed). 

f.c. 

f.c. 

54 

44 

12.180 

11,660 

7,802 

7,072 

64.06 

60.65 

489 

258 

4.01 

2.21 

68.07 

62.86 

Remarks,— '^est  138:  Good,  hard,  heavy  coke  with  exception  of  }-inch  black  butts ^ 
which  should  be  easily  removed.  Ash  should  be  very  much  lowered  by  washing. 
Test  139:  Good,  strong,  hard,  heavy  coke;  ash  reduced,  and  much  better  coke  than 
from  raw  change;  black  butts  removed. 

Analyses. 


Washing  test  161. 


Raw  coal 

(mine 
sample) . 


Moisture 3. 03 

Volatile  matter 30.94 

Fixed  carbon 55.31 

Ash 10.71 

Sulphur I  .49 


Washed 
coal. 


5.82 


10.01 
.68 


Coking  test  138.         Coking  test  139. 


Coal.     I     Coke,     j     Coal,     j    Coke. 


2.77 

2.03 

6.  3() 

28.99 

1.80 

30.54 

5a  14 

74.89 

53.10 

15.10 

21.28 

10.00 

.62 

.60 

.62 

0.99 

1.06 

83.51 

14.44 

.58 


Cupola  testa  o/eoke  vrndeftifm  Alahanux  No, 
CHARGE. 


CofcB. 

Flu- 
idity 
fltrlp 
ftiil. 

Matfliiala. 

Divisions  o!  oliMgA. 

OdpOlA 

TMt 
No. 

phorUH^I  grav- 

Rfttlo 

'      iFOll 

to 

i. 

J, 

3. 

4. 

^. 

ToUi. 

/13S 
ITOtwa 

Pern. 

7 
7 
7 

Per  ct. 

CokB„ 

210 

55 

m 

13ft 
135 

S& 

40fi 
1S5 
55 

135 

406 

1^ 
55 

i6#. 

55 
405 
135 

55 
405 
1^5 

56 
405 
135 

43D 

132 
101 

loa 

L01 

PigittOT....- 

Semp.,., 

C0kl4 

Pigifon, — 
Scrap........ 

Cofe«,.., 

Pig  Iron 

Scr«> - 

cao 

210 
210 

aao 

MO 
2t0 
D3D 
210 

2.250 
750 
430 

2,250 

430 

2,250 

7^ 

ftHGOBD  OF  M£LT. 


BUtat  piBMurt!. 

Iron 
run- 
ning 
in— 

Wc*^t0liJNj|U 

UxmOE- 

Rdoo'i^oroQ. 

Cupota 
test 
No. 

Onftt^ 

UajtK 

muni. 

Poured. 

AddU 

ttODal 
maltBiL 

Total. 

Tlme, 

Rate 
per 
llotir. 

Ratio 
tpon  to 

C!Oki.-. 

Losji. 

Iron, 

C<Hiii. 

UK 

Z^p.m. 
11.17  a.  Til. 
Iw39p.ra. 

T 

7 

"   7 

10 

740 
1.0S5 
i,K22 

214 
305 
213 

»54 
2,000 
2,035 

26 
35 
33 

2,201 
3.429 
3.700 

3,21 
a  IS 

4.46 

tivse 

771 

90 

LADLE  RECORD. 


Ladle 
No. 

Test  132. 

Test  101. 

Test  108. 

Ladle  . 
No. 

Test  132. 

Test  101. 

Test  108. 

Lbs. 

Time 
(p.m.). 

Lbs. 

Time 
(a.m.). 

Lbs. 

Time 
(p.m.). 

Lbs. 

Time 
(p.m.). 

Lbs. 

Time 
(ajn.). 

Lbs. 

Time 
(p.m.). 

1 

2... 

92 
100 
61 
77 
77 
70 
34 
65 
34 
64 
2 

3.10 

3.10J 

3.11 

3.13 

3.13i 

3.16 

3.16i 

a  18 

3.19 

a23 

3.23i 

77 
91 
97 
72 
72 
70 
62 
76 
73 
91 
74 

11.32 

11.36 

11.36i 

U.43 

n.43i 

U.44 

11.47 

U.  47i 

n.48 

11.49 

11.49J 

103 
119 

61 

6d 
116 
102 
110 

86 
107 

91 
106 

3.55 

3.55% 

a56 

4.00 

4.00i 

4.01 

4.0U 

4.03$ 

4.04 

4.04i 

4.05 

12....... 

13 

64 

3.27 

74 
85 
86 
67 
78 
95 
71 
73 
97 
65 
49 

1L50 

11.53 

n.53i 

11.64 

n.66 

11.56J 

U.67 

11.50 

n.soi 

12.00 
12.02 

79 
101 
102 
68 
61 
85 
95 
81 
100 

4.07 

4.07J 

4.06 

3 

14 

4 

15 

4.081 
4.12 

5 

16 

6 

17 

1 

4.12J 
4.13 

7 

18 

8 

19 

4.16 

9 

20 

4.17 

10 

21 

. 

11 

22... 

Remarks. — Test  101 :  Iron  hot.  Test  108 :  Iron  hot;  slag  filled  up  tiiyeres  after 
twentieth  ladle  and  bottom  had  to  be  dropped. 

ALABAMA  KO.  4. 

Bituminous  coal  from  Cane  Creek,  3  miles  north  of  Belle  Ellen, 
Bibb  County,  on  the  Louisville  and  Nashville  Railroad,  was  desig- 
nated Alabama  No.  4.  The  coal  as  worked  at  a  depth  of  150  feet 
at  this  place  averages  2  feet  1 1  inches  in  thickness. 

The  sample  consisted  of  run-of-mine  coal,  inspected  by  John  W. 
Groves,  and  was  used  in  making  steaming  tests  375,  376,  377,  378. 
and  413   (on  briquets);    producer-gas  test   109;    washing  test  159; 
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coking  tests  131  (raw)  and  136  (washed);  cupola  tests  103,  109,  124 
and  133;  and  briquetting  test  123. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
3034  was  taken  900  feet  northeast  of  the  slope,  where  the  coal 
measured  2  feet  10  inches  in  thickness.  Sample  3035  was  taken 
1,500  feet  northeast  of  the  slope,  where  the  coal  measured  2  feet  11 
inches  in  thickness. 

CHEMICAL  ANALYSES. 

Alabama  No.  4. 


Mine  samples. 

Car 
sam- 
ple. 

375. 

Steaming  tests. « 

376. 

377. 

378. 

413. 

Laboratory  No 

3034 
2.60 

3.67 

33.66 

69.64 

3.14 

1.22 

3036 
2.40 

3.60 

34.08 

69.86 

2.46 

1.60 

3iai 
5.60 

6.43 
28.66 
62.09 
12.92 

1.08 

6.23 
69.07 

1.18 
10.62 

Air-dryiDg  loss 

Proxiihate: 

Moisture 

Volatile  matter 

4.04 
30.27 
66.26 
10.48 

1.29 

4.98 
76.16 

1.30 

6.30 
10.92 

1.34 

4.84 
28.17 
62.70 
14-29 

1.22 

,    4.76 
72.67 
1.24 
5.04 
16.02 
1.28 

6.69 
26.94 
49.48 
17.89 

1.05 

4.54 
69.36 

1.19 

4-83 
18.97 

1.11 

6.27 
28.72 
62.78 
13.23 

4.83 
73.90 
1.27 
6.13 
13.97 
.90 

2.46 
32  27 

Fixed  carbon 

66  65 

Ash 

8.72 

Sulphur 

1. 18 

Ultimate: 

4  72 

Carbon 

76.96 

Nitrogen     

1 

1  32 

6.86 

aSiT!:::::::::::::::::::::::::: 

1 

8.94 

Sulphur 

1.21 

Calorific  value  (as  received) : 

^etennined {^f»-; 

Calculated  from  ulti- (calories . . 

7,998 
14,396 

6,886 
12,396 

6,962 
12,614 



'__       .1 

mate  analysis \B.  t.  u... 

'                I                I                { 

STEAMINO  TESTS. 

Alabama  No.  4  (run  of  mine). 


Test  375. 


Test  376. 


Size  as  used: 

Over  1  inch per  cent. . 

I  inch  to  1  inch do 

I  inch  to  J  inch do 

Under  4  inch do — 

Duration  of  test hours. . 

Heating  value  of  fuel B.  t.  u.  per  pound  dry  fuel. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temneratore °F.. 

Dry  fuel  usea  per  square  foot  of  grate  surface  per 
hour pounds . . . 

Equivalent  water  evaporated  per  square  foot  of 
water-heating  surface  per  hour pounds. . 

Percentage  of  rated  horsepower  of  boiler  developed. . 

Water  apparently  evaporated  per  pound  of  fuel  as 
fired pounds  . 

Water  evaporated  from  and  at  212°  F : 

Per  pound  of  fuel  as  fired do 

Per  pound  of  dry  fuel do 

Per  pound  of  combustible do 

Efiiciency  of  boiler,  including  grate per  cent . . 

Fuel  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  eiectilcal  horsepower  hour do — 

Dry  fuel: 

Per  indicated  horsepower  hour do — 

Per  electiksal  horsepower  hour do — 


■| 


17.1 
20.2 
22.1 
40.6 
10.17 
13,671 

0.64 

.20 

2,401 

20.94 

3.81 
106.9  I 
I 
7.37 

8.75 
9.12 
10.55 
64.42 

3.23 
3.99 

3.10 
3.83 


18.1 
18.0 
17.3 
46.6 
9.77 
13,041 

0.65  I 
.19  • 

(6)       I 

17.39 

2.97  ■ 
83.2  I 

6.88  ^ 

8.14  , 
8.66  I 
10.46  I 
63.31  ; 

3.47  i 
4.29  I 

3.31  I 
4.08 


7.1 

17.1 

12.4 

19.6 

16.8 

25.2 

63.7 

38.2 

10.00 

8.03 

12,447 

13,244 

0.63 

0.60 

.22 

.18 

18.45  I 

3.10 
87.0  j 

6.73  ' 

7.96 
8.43 
10.81 
66.40 

I 
3.56  I 
4-39  I 

3.35  I 
4.14  I 


15.91 

2.76 
77.4 

7.04 

8.24 
8.69 
10.46 
63.36 

3.43 
4.24 

3.26 
4.02 


Seep.  56. 

9.07 
13,932 

0.66 

.10 

2,430 

21.11 

3.90 
109.6 


9.02 
9.25 
10.29 
64.12 

3.14 
3.87 

3.06 
3.  77 


•  ProziiiiAte  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
b  One-half  of  observations  too  low  to  be  read  with  Wanner  pyrometer. 
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V.   S.    FUEL- 


il 


f  an 

3 


01 


I 


[  flame.  c^oktHi 

,    *  ariquefd  were 

y;  jlj  and  briirle 

did  not  ^Uck  to  the  grate.    Small 


age  B,  i.  u,  \ 


FBODUCEE-GAS  TEST. 
Alabamu  No.  4  {tiui  nf  tuitie) 


-*'. 


IAS 


lectriral  horaepower,  195,0;    aver- 
ired,  5,850  prrunds. 


MiMd, 

Dry. 

tIbJe. 

Coat  tsfmmia^  in  pfwiitefr  per  korttpote^  hm^  (jkhmkIf), 

L2fi 

1-1.1 
1.06 

1.45 

hm 

1.23 

Lin 

1-^ 
LSI 

1.03 

1.40 
Lift 

1.13 

i.oa 

Pier  br&ko  torw^tKJWi^r! 

.OS 

Equimirnt  used  bf  prmtactr  pUmt  jptmndt}*. 

Per  ftlectrlcftl  borwpower: 

.00 

Developed  ai  iwitch  boAid««,.-..,^>.,..,...,^...^....,.....,..,..^_. 

'^fl'lllJJl'^tlHJlv  avaLLablA         -  +  --- -^-^ ■ ^-_.-_ 

LIS 
LOI 

DftVPtniKi^d  af  r^Ogtoe, . , ..,.^^,. ..;,<..*.. m. ..  <     ■  ,r .    . 

-IT  \ 

> '^'    —            1     —  ■-■  ■' — = 

Analyses. 


Coal. 


Oas  by  volume. 


Moisture 3. 05 

Volatile  matter 29. 53 

Fixed  carbon 54. 78 

Ash 12.64 

Sulphur 1.  W 


Carbon  dioxide  (COj) . . . 
Carbon  monoxide  (CO) . 

Hydrogen  (Hj) 

Methane  (CH*) 

Nitrogen  (Nj) 

Ethylene  (ClI*) 


10.1 
17.0 
14.5 
L9 
56.1' 
.4 


WASHING  AND  COEINO  TESTS. 

Alabama  No.  4  (run  of  mine) 

Waskmg  test  159. — Size  as   used,  crushed  to  2  inches;   jig  used,  Stewart, 
coal,  17,000  pounds;  cashed,  14,470  pounds;  refuse,  2,530  pounds. 

Coking  tests. 


Raw 


Test  131 

(raw). 


Test  136 
(washed) . 


Size  as  used 

Duration  of  test hours. . 

Coal  charged pounds. . 

Coke  produced {percent:: 

Bn«.e  produced {^rJli:: 

Total  yield do 


f.c. 

47 

12,000 

7,706 

64.22 

281 

2.34 

66.56 


f.c. 

49 

12,000 

6,809 

66.74 

239 

L99 

58.73 


Remarks. — Test  131:  Good,  strong  coke,  light-giay  and  silvery  color;  ash  and  sul- 
phur high;  might  be  improved  by  washing.  (Compare  test  136.)  Test  136:  Grood, 
strong  coke;  light-gray  and  silvery  color;  breakage,  good  uniform  size;  ash  and  sul- 
phur reduced  very  materially  by  washing. 
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Analy 

ses. 

• 

Washing  test  159. 

Coking 

test  131. 

Coking  test  136. 

Raw  coal. 

Washed 
coal. 

Coal. 

Coke. 

Coal. 

Coke. 

Moisture '. 

6.43 
28.56 
52.09 
12.92 

1.08 

6.82 

4.17 
30.37 
64.50 
10.96 

1.18 

0.29 

.84 

83.21 

15.66 

1.08 

7.28 

30.46 

58.38 

3.88 

1.00 

0.35 

VnljLtilA  ms^ttAr 

.42 

Fixed  carbon 

92.99 

Ash 

3.81 
1.03 

6.24 

Sulphur 

.87 

Cupola  tests  of  coke  made  from  Alabama  No.  4  coal. 
CnARGE. 


Coke. 


Cupola  - 
test  ! 
No.    ■ 


103 

124  I 

I 


Test 
No. 


131 


Phos-   Specific;  Ratio 

phor-     grav-    iron  to 

us.     I    ity.       coke. 


Perct. 
0.0126 


.0126 


I 


109   136(w.)  !     .006 


133   136(w.)j    .008 


1.95 
1.95 
1.95 


Fluid- 
ity 

strip 
fuU. 

Per  ct. 
96.61 

80.55 

99.9 

9&61 


Materials. 


Coke.... 
Pig  iron 
Scrap... 
Coke.... 
Hg  iron 
Scrap... 

Coke 

IHgiron 
Scrap.. - 
Coke.... 
Pig  iron 
Scrap... 


Total. 


Lbs. 

Lbs. 

57 

430 

412 

2,250 

137 

750 

52 

430 

397 

2,250 

132 

750 

60 

430 

420 

2,250 

140 

750 

57 

430 

412 

2,2.'>0 

137 

750 

RECORD  OF  MELT. 


Blast  pressure. 


Cupola 
test  i 
No.  On  at— 


103 
124 
109 
133 


8.19  a.m.. 
10.04  a.m. 
10.30  a.m. 
10.53  a.  m. 


Iron 
run- 

mum. 


Oz. 

7 
7 

7 
7 


Min. 
11 
10 

7 
8 


Weiglvtofiron. 


Melting. 


I  Recovered. 


Pour- 
ed. 


Lbs. 
1,451 
1,368 
2,328 
1,952 


Addi- 
tional 
melted. 


Lbs. 
217 
542 
153 
178 


Total. 


Lbs. 
1,668 
1,910 
2,481 
2,130 


Rate 
Time,     per 

Ratio 

iron 

to 

coke. 

■ 
Loss.  1  Iron. 

Coke 

hour. 

i 

Min. 

Lbs. 

Perct.  Lbs. 

Lbs. 

33 

3,033 

5.49 

4.90   1,185 

126 

27 

4,244 

5.76 

10.66 

770 

99 

27 

5,513 

6.93 

6.16 

334 

72 

32 

4,260 

6.96 

5.76 

607 

124 

Ladle  No. 


1.. 

2.. 

3.. 

4. 

5. 

6.. 

7.. 

8., 

9. 
10.. 
11.. 
12.. 
13. 
14.. 
15. 
16.. 
17.. 
18. 
19.. 

ao. 

21. 
22. 


Test  108. 


LADLE  RECORD. 
Test  124. 


Pounds. 


66 
95 
76 
36 
96 
61 

101 
70 
88 
99 
94 
07 
90 

104 
96 
88 
95 


Time 
(a.m.). 


8.35 

8.38 

8.41 

8.42 

8.43 

8.45 

8.45i 

8.51 

8.5H 

8.52 

8.56 

8.56^ 

8.67 

8.69 

8.50i 

9.00 


Pounds. 


Time 
(a.m.). 


72 
92 
57 
66 
90 
64 
53  I 
80  I 
53  I 

99  : 

66  I 

72 

61 


10.19 

10.19J 

10.26 

10.26i 

10.27- 

10.30 

10.31 

10.32 

10.33 

10. 33^ 

10.34 

10.34i 

10.35 

10.37 

10.37J 

10.38 

10. 38) 

10.40 

10.41 


Test  109. 


Pounds. 
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112 
125 
102 
112 
110 

69 
108 
114 

92 
113 
104 
105 
108 
100 

97 
118 
110 

80 
110 

96 

80 
109 


Time 
(a.  m.). 


10.41 

10.45 

10.45i 

10.46 

10.47 

10.47i 

10.48 

10.51i 

10.52 

10.52J 

10.53 

10.55 

10.55i 

10.56 

10.56i 

10.57 

10.57i 

10.58 

10.59 

11.02 

11.03 

11.03i 

11.04 


Test  133. 


Pounds. 


105 
80 
72 

116 
92 
83 

107 

102 


101 
104 
77 
84 
52 
103 
40 


Time 
(a.m.). 


11.07 

11.10 

11.11 

11.13 

11.15 

11.15i 

11.16 

11.18i 

11.19 

11.19i 

11.20 

11.22 

11.22J 

11.23 

11.23i 

11.24 

11.26 

11.27 

11.27i 

11.28 

11.29 

11.32 

11.33 


r 
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BEPOET   U,   S.    FI 


RemarkB^ — ^Test  103:  Temperature  of  iron,  modium?* 
109:  Iron  very  hat  and  fluid. 

BSIftUlTTIKa  TEST, 
Alabama  No-  4  (run  of  mine). 


TiMt  liS. — Size  us  uaed:  Over  i  inch,  1.2  per  cent;  ^  inch  to  J  inch^  4,5  per  cent; 
^  inch  tr>  ^  incli,  14  per  cent;  ^  inch  to  ^  inch ,  23,5  per  cent;  thmugh  ^  inch,  56,8 
per  cent.  Kind  of  binder,  water*gae  pitch;  laboratory  No.  3410  (seep.  40),  Weig:ht 
of  fuel  hriquetted,  15+200  pounds,  B.  t.  u.  per  pound  of  coal  aa  received  ^  12,39&;  pet 
pound  oi  briquets  as  fired ^  13,590;  per  pound  of  binder^  10,478,  For  aualjsew  ol 
btiqueta  flee  page  5:i  (steaming  test  413), 

Engliah  liriqueia  made  at  179,*P  F,,  3,37  pounde  average  weight,  with  5,5  per  cent 
binder*  ha<l  edges  tliat  crumbled  aljghtly^  but  mirfacea  were  firm;  fracture  ^lighdy 
crumbly.  With  6,  0.5,  and  7  per  cent  binder  the  outer  euiiace^  were  smooth  and 
hard,  fracture  clean,  and  broken  surfaces  rough  but  very  lirm.  In  the  drop  test 
with  <)  per  cent  binder  the  l-inch  screen  held  S3. 3  per  cent  and  passed  16.7  per  cent. 
In  the  weathering  te&t  briquets  of  all  binders  were  exposed  214  days;  condition  B, 

Renirow  briqueta  made  at  149^  F,,  0,43  pound  average  weight,  with  6  and  (i.6  per 
cent  binderj  were  crumbly  and  broke  easily;  l>mken  mir^aces  crumbly.  With  7  and 
7.5  i>er  ceat  binder  tough  briquets  resulted,  with  banl  and  smooth  outer  surfaces; 
broke  with  clean  fracture.  In  the  weathering  teat  all  binders  wore  expoeed  214  days; 
condition  for  the  7.5  per  cent  binder,  B,  for  the  others,  C, 


ExtracHmt  analyse*^ 


1 


lAbonatcirj  No .,^^ ^ ^,^^>.,.^^_^, ,, , 

Air-clfvineflciHS , , „.„„. „„.,„, per  cent. 

Air-dried.... ,„_ .,,. ,, ,„ ...„.., do. 


Aa  redeVvHi ^. » ^^ .,^ . .do 


Htoh. 


3410 


m9g 


,Fuel, 


Briquets 
test  123. 


3103 


lie 


AliABAMA  KO.  5. 

Bituminous  coal  from  the  Black  Creek  bed  at  Lehigh,  Blount 
Coimty,  on  the  Louisville  and  Nashville  Railroad,  was  designated 
Alabama  No.  5.  The  coal,  as  worked  from  the  outcrop  of  this  place, 
averages  2  feet  8  inches  in  thickness. 

One  sample,  shipped  imder  the  supervision  of  John  W.  Groves, 
consisted  of  run-of-mine  coal  and  was  used  in  steaming  tests  478 
and  480,  washing  test  195,  and  coking  test  171. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  4090 
was  taken  2,000  feet  south  of  the  opening,  where  the  coal  measured 
3  feet  in  thickness.  Sample  4091  was  taken  2,100  feet  south  of  the 
opening,  where  the  coal  measured  2  feet  4^  inches  in  thickness. 


TESTS — ^ALABAMA. 
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CHEMICAL  ANALYSES. 

Alabama  No.  5. 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon... 

Ash 

Sulphur 

Ultimate  : 

Hydrogen 

Carbon 

Nitrogen.^ 

Oxygen 


Mine  samples. 


4090 
3.G0 

4.72 
28.69 
62.45 

4.14 
.83 


4091 
1.90 

2.93 
29.06 
65.28 

2.73 
.65 


Car  sam- 
ple. 


Steaming  tests.a 


478. 


Ash. 
Sulphur. 


4252 
4.40 

5.59 
25.05 
53.28 
16.08 

1.40 

4.70 

66.58 

1.27 

9.92 


Calorific  value  determined  (as  received). {^^°"®^- 


I 


.1        81.63 
.        146.93 


66.16 
119.06 


5.51 
24.15 
50.44 
19.90 

1.90 

4.09 
66.58 

1.27 

4.99 
21.06 

2.01 


480. 


5.70 
23.85 
52.74 
17.71 

1.47 

4.22 
68.94 

1.31 

5.19 
18.18 

1.56 


a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 

STEAHINO  TESTS. 

Alabama  No.  5  (run  of  mine). 


Size  as  used: 

Over  1  inch percent.. 

}  inch  to  1  inch do 

J  inch  to  i  inch do 

Under  J  inch do 

Average  diameter inch. . 

Duration  of  test hours . . 

Heating  value  of  coal B.  t.  u.  Tper  pound  of  dry  coal. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do — 

In  ash  pit  (forced  draft) do — 

Furnace  temperature,  "F 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface 
per  hour, do — 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  perpound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212°  F.: 

Per  pound  of  coal  as  fired do — 

Per  pound  of  dry  coal do — 

Per  pound  of  combustible do — 

Efilcicncv  of  boiler,  including  grate per  cent . . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do — 

Dry  coal: 

Per  indicated  horsepower  hour do — 

Per  electrical  horsepower  hour do — 


Test  478.    Test  480. 


4.8 
13.8 
19.5 
61.9 
0.38 
9.93 
11,932 

0.89 
.19 


2,561 
19.01 

2.94 
82.6 
6.08 

7.33 
7.76 
10.34 
62.80 

3.85 
4.76 

3.64 
4.50 


4.1 
15.3 
22.7 
57.9 
0.39 
9.57 
12.335 

0.86 
.09 
.25 


22.86 

3.73 
104.6 
6.40 

7.70 
8.17 
10.65 
63.96 

3.67 
4.53 

3.46 
4.27 


WASHING  TEST. 

Alabama  No.  5  (run  of  mine.) 
Test  195  (preliminary  float  and  sink  tests  on  raw  coalo). 


Float  and  sinl:  test 
No. 

Size 
used. 

Specific 
gravity 

of 

solution 

used. 

1 

finch... 
do... 

1.35 
1.40 
1.45 
1.62 

2         

3 

....do... 

4 

....do... 

Float 

(per 

cent). 


Sink 

(per 

cent). 


Float  coal  analysis. 


Ash. 

Suli 

3hur. 

Per  cent 

Per  cent 

Percent. 

reduc- 

Percent. 

reduc- 

tion. 

tion. 

2.18 

86 

0.81 

42 

2.63 

84 

.98 

30 

2.66 

84 

1.05 

25 

3.19 

80 

1.13 

19 

«  Not  enough  coal  for  other  tests. 


68 


BEPOET  X7.  8.  FUEL-TESTING  P] 
CO1IH0  TEST. 


Alabama  No.  5  (run  of  mine). 

Ti^t  ni.SizB  OB  ufled^  raWj  finely  crushed.  Duration  of  test,  42  hoiina;  coal 
cliarged,  12,110  pounds^  coke  produced,  7,960  pounda,  65,05  per  cent;  breeze  pro* 
duced,  390  pounds,  3,22  per  oent;  total  yield,  68.87  pc*r  cent  Goi^d  coke%  light  gray 
and  nil  very.     Aib  high;  waehing  would  improve,  reducing  both  ash  and  sulphur. 


Ancd]f^* 


^ 


I 


VoliLtUei 


^D^or. 


-•i^r^ 


-aw  I     tkm 

Si  02         81. 10 
1.44  {        l.lf 


-r^^ 


'       •  «*  ATiABAJHA  NO.  0, 

Bituminous  coal  from  the  Pratt  bed  at  Dolomite,  Jefferson  County^ 
was  designated  Alabanm  No.  6.     This  coal,  as  worked  from  the  outp- " 
crop  at  this  place,  averages  4  feet  8  inches  in  thickness. 

This  sample  consisted  of  run-of-mine  coal  shipped  under  the  super- 
Ti^on  of  K.  M.  Way,  and  was  used  in  steaming  test  484,  producer-gas 
test  155 J  washing  test  192,  and  coking  te.sts  172  and  174  (washeil). 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  4292 
was  taken  2  miles  southeast  of  the  opening,  where  the  coal  measured 
4  feet  8i  inches  in  thickness.  Sample  4293  was  taken  2  miles  east  of 
the  opening,  where  the  coal  measured  4  feet  Si  inches  in  thickness. 

CHEMICAL  ANALYSES. 

Alabama  No.  6. 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon. 

Nitrogen 

Oxygen 

Ash 

Sulphur 

Calorific  value  determined  (as  received).|^^°"®^- 


Mine  samples. 


4292 

4293 

2.30 

2.20 

3.23 

2.81 

26.97 

26.52 

65.97 

67.16 

3.83 

3.51 

.57 

.59 

Car  samples. 


4338 
2.40 

3.23 
26.16 
63.90 

6.71 
.61 

4.99 

78.33 

1.42 

7.94 


81.35  I 
14(-).43 


78.19 
140.74 


4353 
2.80 

3.56 
26.24 
63.25 

6.95 
.58 


Steaming 
test  484.a 


2.86 
25.80 
63.98 

7.36 
.57 

4.76 
80.42 
1.46 
5.19 
7.58 
.59 


a  Proximate  analysis  of  fuel  as  lired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 


TESTS — ^ALABAMA. 


B9 


STEAMINa  TEST. 
Alabama  No.  6  (run  of  mine). 


Size  as  used: 

Over  1  inch per  cent. 

i  Inch  to  1  inch do. . . 

J  inch  to  i  inch do . . . 

Under  |  inch do. . . 

Average  diameter : inch. 

Duration  of  teat hours. 

Heating  value  of  coal B.  t.  u.  per  pound  dry  coal. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do. . . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour do. . . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. 

Water  evaporated  from  and  at  212*  F.: 

Per  pound  of  coal  as  fired do. . . 

Per  pound  of  dry  coal do. . . 

Per  pound  of  combustible do. . . 

EflBciency  of  boiler,  including  grate per  cent. 

Coal  as  fired:     . 

Per  indicated  horseix>wer  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  coal: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horaejwwer  hour do. . . 


Test  484. 


23.9 
23.3 
17.6 
35.2 
.76 
9.58 
14,447 

0.82 

.17 

20.22 

400 
112.2 

7.96 

9.64 
9.92 
10.99 
66.30 

2.93 
3.62 

2.85 
3.52 


PBODUCEB-OAS  TEST. 

Alabama  No.  6  (run  of  mine). 

Test  155. — Duration  of  test,  50  hours.    Average  electrical  horsepower,  198.6,  aver- 
age B.  t.  u.  per  cubic  foot  of  gas,  143.7,  total  coal  fired,  9,000  pounds. 


Coal  consumed  in  producer  per  horsepower  hour  {pounds) . 


Per  electrical  horsepower: 
Ck>mmercially  available . 


Developed  at  switchboard. 

rake  horsepower: 
Commercially  available. 


Per  brake  i 
Conmie 
Developed  at  engine. 

Equivalent  used  by  producer  plant  (pounds) . 

Per  electrical  horsepower: 

Ck>nmiercially  available 

Developed  at  switchboard 

Per  bi-ake  horsepower: 

CommeTcially  available. 

Developed  at 


Coal  a  a 
fired. 


Dry  coal. 


0.94 
.91 


.79 
.77 


.87 
.84 


Analyses. 


.78 
.75 


1.00 
.97 


.85 
.82 


Coml>U3- 
tible. 


Coal. 


Oas  by  volume. 


0.85 
.82 


.72 
.70 


.93 
.90 


.79 

.76 


Moisture 2.44 

VolatUe  matter 26.96 

Fixed  carbon 64.70 

Ash 6.90 

Solphur 50 


Carbon  dioxide  (COj) 9. 6 

Carbon  monoxide  (CO) 19. 5 

Hydrogen  (Hj) 14. 9 

Methane  (CH^) 1.7 

Nitrogen  (Nj) 54. 2 

Ethylene  (CiHi) 1 


60    ^  EBPOBT    V.    S.    FUEL-TESTING    PLANT,   lOOG-7, 

WASHING  AND   COKENG  TESTS. 

Alabama  No,  (>  (ruB  uf  mine)- 

WoihiTig  test  19i. — Duration  of  teat,  \\  houra.     Size  aa  used,  through  l-ioch  i 
Jig  UBc?tL  spoeial;  spood,  70  r,  p,  m. ;  etroke,  2|  inches.     Raw  coal,  12  tOQ£;  waahed 
eoal,  10h75  tons,  90  per  centi  rt?fiise,  L25  ttins,  10  pi.^r  cent. 


Lil.No. 

MolfltllUB, 

A^. 

Salp&iir. 

BAmplQ  tested. 

rerceni. 

Pereent 
tton. 

Tetomx 

Raw etm],  cur  8i4mp]e *-*  ^-^^  t-^ ^...*._.^_.. 

4a5S 

.... 

It 

S.21 

G.H4 
4,76 

^.m 

WiLthdd  tJoal,  tMt  103,.,...-,, ,.,, 1_.„. 

30 

,a 

Bi]fuii0+  ,«            +  *     ,,»,..,..,.....-..  ..^ , 

2.30 

i^loaf  4iftil  iinJt  U^lM, 


Sp^dfte 
Kptiity 

noal. 

Sink 
{p«r 

No,««tMt« 

To 
1  toUl 
samptfi. 

Aflh. 

Siilpbur* 

tios         To 

Per 
pent. 

Per 
cent 

tion. 

l^r 

oerit. 

P^r 
oant 

Ob  m^  (Wil  (pmUmlnary): 

1 

!.W  I 

90 

IM 

3.10 
2.33 

19 
10 
0 

a.ai 

3.43 
3.7S 

2,fll 

a.4s 

1.06 
S.00 

40 
50 
iS 

o.a* 

1.01 
1.1? 

S.f 

a 

4,0 

3-.-^ 

A ., 

1.18 

t.ee 

,-.1.-. 

10.0 

On  wfuw?  (floBl):* 

1 „„ ..  .,,,,.,^. 

1,^ 

1.10 
L4G 

I.S2 

18.40 
90.80 

9Q  Jm 

2 

3„,,.., ,.__  ,,.. 

4 __ ,,:j 

a  Figures  indicate  that  finer  crushing  is  advantageous.  Loss  of  "good  coal"  in  the  refuse  will  not 
exceed  1  per  cent.  By  "good  coal"  is  meant  all  coal  of  a  tjuaUty  equal  to  or  better  thMi  that  of  the 
washed  coal.  It  will  be  noted  that  ip  the  washing  test  the  sulphur  shows  the  same  percentage  in  the 
washed  coal  that  it  did  in  the  raw  coal.  This  is  due  to  the  fact  that  the  reduction  of  tne  ash  is  so  mtxsh 
greater  than  the  reduction  of  the  sulphur  that  the  resulting  percentage  of  the  sulphur  to  the  washed  coal 


is  the  same  as  that  of  the  original  sulphur  to  the  raw  coal.    By  the  formula  Y= 
10  i)er  cent  of  the  sulphur  in  the  raw  coal  was  removed  in  washing. 

Coking  tests. 


>-M 


it  is  found  that 


Size  as  used 

Duration  of  test hours. . 

Coal  charged pounds. . 

Coke  produced fcrceni:: 

Br«,«,  produced {^ree^iV. 

Total  yield do. . . . 


f.c. 

40 

12.100 

8,350 

69.01 

316 

2.61 

71.62 


Test  174 
(w.). 


f.c. 

50 

11.880 

7.800 

65.66 

221 

1.86 

67.52 


Remarks. — Test  172:  Good  heavy  coke,  light-gray  and  silvery  color;  metallic  ring; 
cell  structure  good;  breakage  good,  uniform-sized  pieces.  Test  174:  Grood  heavy  coke, 
light-gray  and  silvery  color;  cell  stnicture  rather  small:  breakage  good,  uniform-sized 
pieces;  coke  better  than  from  raw  charge;  improvement  does  not  warrant  washing,  as 
ash  and  sulphur  are  both  low. 


TESTS — ARGENTINA. 
Analyses. 


61 


Moisture 

Volatile  matter 
Fixed  carbon... 

Ash 

Sulphur 


Washing 
test  192, 

ear 
sample 
raw  coal. 


Coking  test  172.  Coking  test  174. 


Coke. 


3.39 
26.20 
63.67  i 

6.84  I 
.59 


Coal. 

Coke. 

Coal. 

3.28 

0.46 

6.73 

25.30 

.35 

24.84 

64.50 

89.37 

63.57 

6.92 

9.82 

4.86 

.50 

.59 

.59 

0.63 

.27 

92.36 

6.74 

.60 


ARGENTINA. 


ARGENTINA  NO.  1. 


Coal  received  from  the  Province  of  Mendoza,  Argentina,  South 
America,  was  designated  Argentina  No.  1. 

The  coal  was  taken  from  two  different  parts  of  the  mine,  the  depths 
being  290  and  110  to  140  feet,  respectively,  and  was  used  in  steaming 
tests  451,  458,  and  485  (on  briquets);  washing  tests  187  and  187a; 
and  briquetting  test  180. 

CHEMICAL  ANALYSES. 

Argentina  No.  1. 


Steaming  tests.** 

451. 

458. 

485. 

I/ftbort«tory  No 

4060 

4079 
3.00 

7.67 
18.39 
31.09 
42.85 

1.21 

3.40 

36.55 

.95 

15.04 

Air-drvtnflr  inns 

Proximate: 

Moistare 

7.10 
19.37 
30.97 
42.56 
.82 

6.94 
16.87 
26.03 
50.16 
.60 

2.40 

34.42 

.89 

7.74 

53.91 

.64 

16.48 
17.96 
34.23 
31.33 
.65 

3.26 
46.73 

1.21 

10.51 

37.51 

.78 

8.76 

Vn1|^tilATnatt:<«r, 

21.45 

Fixed  carbon 

33.75 

Ash  ..               

36.05 

Sulphur 

.80 

Ultimate: 

Hvdroseii 

3.41 

Carbon 

47.51 

Nitrogen 

.92 

Oxyeen 

7.77 

AsfiT^                  : 

39.51 

Sulphur - 

.88 

Calorific  value  (as  received) : 

/calories  . 

3,511 
6,320 
3,504 
6,307 

Determined 

•  B.t.  u... 
calories 

Calculated  from  ultimate  analysis . . 

•■'  B.  t.  u. .. 

aProximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 


Sl^fi  as  u^d: 

O^er  1  Inch. 

i  Itach  to  i  intJh 

I  inc-h  to  I  Inoh  _     

Uudi^r  I  ii3ch_.  ,.,_.,..„ .*.,. „_,„„„. „do 

Avenigt^  diaiiii?.ler . ^■.^^»...*_^_-_.4^^^._ .....iocJu. 

Duration  qJ  ti'st , ,.,.,„ -houJB„ 

HpAting  viLluo  of  fiiel,^ «,.,,, B.  1,  u.  p^r  poiiitd  M  dry  fyd^. 

FoPft?  of  draft: 

UndRr  stack  damper. . ^-^ * . . .^ - .. .. ^ .... ^ ........ . . *.  Jiwh  wat^jL^ 

A  trtjVfS  Are  - . . , .,  - .—,.,., .do . , , . 

Inaahpit  (forced  draft). e^^..^^..^.-^.-^-^. -..---. .^....--^.-. do. ^,* 

Piinmff^  i4^nipt!niim>  * . . , ,,,„.,. „ .  ."^F*  * 

Dry  fupl  ust'd  ppr  aquBTG  foot  of  grato  surface  per  hour.  __. . , . ..  .pounde. . 
EqulvaJf^tit  witter  m'^piiratiHl  par  «qu^r&  foot  af  watar^u^tll^  stirfoD^ 

per  hour.... ........ .....pounds.. 

Feicentiigt^  of  mUMJ  horse powi?r  of  bolio<r  doTuIoped  „ , „..,_,_„ 

Watsr  appa  n;  ii  1 1  v  < '  v  a  p  o  ru  ted  perjpound  of  fu&l  jib  fiml ........  poondB . . 

WAt4?.rGVijporjiti  d  fr£,]]j  jmd  M  21?^  F.! 

Per  pound  4iF  h]>'i  uf^  flred ................................. d«f.... 

Per  pound  of  dn^  fuH „„ ..,..*,..,... ....... do..., 

Ter  c>oiind  of  eombuatible . . . . .  .i. i  -.L+.. .do. . . . 

EHlduntn-  of  boUer,  iocluditig  grrttc ...„,,,,,,,,.„„_^, .per  cunt.. 

Fuel  as  ilred  r 

rer  Sndicatt^d  horaepow^f  hour. .  .,..**.-..** ^ .*, ., , ,, pounds. . 

I'tr electrical  horsepower  hour. _ - ,.^. ^ ; .do 

Dry  fuel: 

Per mdicatcd  horsepower botlr. ,. ^.^ . ...do. . . . 

F*er  electricftl  homepowttr  hnui  .,,*►.,.,.„.*,,,*.,..,.,.,*  — do, . , . 


a  On  Heiifmw  htiqxietti,  made  In  teat  ISO,  hrlquetfi  burned  ^owly:  did  not  (MAckofncn;  gsYo  low  f^r- 
naee  tf^mperatufer  B.Qd  made  I  p^r  ceot  black  amoko.  Ash  formed  on  tturfaoe  of  bnquijtit,  ^od  tendMi 
to  form  rlirik'«r,  holding  litrgiE'  amounl  of  uiiCMitifiUined  fupl.  Tb^s+i  Ulinpp  vftytv  hprd  to  break  up, 
Aish  an<i  elmirer  were  white  and  jerav:  tjo  per  cent  ellhker. 

b  Tbfl  test  was  too  abort  for  reiia^l<^  rt^suJt*. 

^  25  per  cent  of  the  readkig  too  low  to  be  read  hy  pyrometfii. 

WASHING  TESTS. 

Argentina  No.  1  (run  of  mine). 
Preliminary  float  and  sink  tests  on  raw  coal. 


Float  and  sink  test 
No. 


1 
2 
3 
4 


Size  used 
(inch). 


Specific 
.  gravity 
of  solu- 
tion 
used. 


1.55 
1.60 
1.65 
1.70 


Float 

(per 

cent). 


Sink 

(per 

cent). 


Float  coal  analysis. 


Ash. 


Sulphur. 


Per  cent. 


22.56 
24.96 
27.68 
27.90 


Per  cent 

reduc- 

Percent. 

tion. 

47 

0.73 

41 

.78 

35 

.72 

34 

.70 

Per  cent 
reduc- 
tion. 


12 
12 
12 
12 


Washing  tests. 


Size     as    used,    through 

screen 

Jig  adjustment: 

Make  or  number 

Speed r.  p.  m.. 

Stroke inches. . 


Test  187.      Test  187a. 


Stewart. 

35 

6 


2-inch. 

Stewart. 
35 
6 


Raw  coal tons. 

Washed  coal..{-do- 

R«"- {per^S?; 


Test  187.      Test  187a. 


5.5 
3.3 

60 
2.2 

40 


TESTS — ARKANSAS. 


Analyses. 


Sample  tested. 


Raw  coal,  car  sample 

^-'^'^^ {SS^iL-: 


Lab.  No. 


4060 
4123 
4344 


Mois- 
ture. 


7.10 
17.29 
22.73 


Ash. 

Sulphur. 

Percent. 

42.56 
29.67 
34.57 

Per  cent 
reduc- 
tion. 

Per  cent. 

Per  cent 
reduc- 
tion. 

0.82 
.64 
.55 

30 
19 

22 
33 

BRIQUETTING  TEST. 

Argentina  No.  1  (run  of  mine,  washed). 

Test  180. — Size  as  used:  Over  }  inch,  3  per  cent;  ^V  i^^h  to  }  inch,  8.4  per  cent 
^  inch  to  jV  '^^chy  15  per  cent;  :^  inch  to  ^  inch,  19.2  per  cent;  through  ^  inch, 
54.4  per  cent.  Briquets  very  heavy  and  hard,  and  gave  rough  fracture  without  crum- 
bling when  broken,  as  the  coal  particles  were  firmly  cemented  together  and  could  be 
handled  when  warm  without  breaking.  For  analyses  of  briquets  see  page  61  (steam- 
ing test  485). 


Details  of  manufacture:  I 

Machine  used |  Renf . 

Temperature  ol  briquets "  F . .  185 

Binder- 
Kind  : w.  g.  p. 

Laboratory  No.  (see  p.  40) 4543 

Amount percent..  7 

Weight  of— 

Fuel  briquetted pounds. .  fi. 000 

Briquets,  average do 0. 603 

Heat  value  per  pound — 

Fuel  as  received B.t.u..  6.930 

Fuel  as  fired do 7,515 

Binder do 16. 969 


Drop  tost  (1-inch  screen): 

Held per  cent. . 

Passed do 

Tumbler  test  f  1-inch  screen): 

Held do.... 

Passed  (fines) do 

Fines  through  10-mesh  sieve.,  .do 

Weathering  test: 

Time  exposed days. . 

Condition 

Water  absorption: 

In  19  days i)er  cent. . 

Average  for  first  4  days do 

Specific  gravity  (apparent) 


84.5 
15.5 

91.2 
8.8 
94.0 

19 
A 

9.8 
1.44 
1.467 


Extraction  analyses. 


Laboratory  No 

Air-drying  loss per  cent. 

Extracted  by  CS»: 

Air-dried do... 

As  received do... 

Pitch  in  briquets,  as  received do. . . 


Pitch. 


Fuel. 


4543 


4344 
18.50 


.08  ' 
.06  ! 


Briquets, 
test  180. 


6.38 
6.10 
6.06 


ARKANSAS. 
ARKANSAS  NO.    l.a 

Bituminous  coal  from  Himtington,  Sebastian  County,  on  the  Frisco 
System,  was  designated  Arkansas  No.  1  B.  The  coal  as  worked  at  a 
depth  of  110  feet  at  this  place  averages  7  feet  in  thickness. 

This  sample  consisted  of  slack  coal.  It  was  loaded  under  the  super- 
vision of  John  W.  Groves,  and  was  used  in  making  washing  test  139; 
coking  tests  95,  96,  97,  and  100  (washed),  and  cupola  tests  96  and  115. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2586 
was  cut  900  feet  west  of  the  shaft,  where  the  coal  measured  7  feet  9 
inches  in  thickness.  Sample  2585  was  cut  one-half  mile  south  of  the 
shaft,  where  the  coal  measured  7  feet  3  inches  in  thickness. 


a  For  other  tetto  on  ooal  from  this  locality  made  in  1904,  see  Bull.  U.  S.  Geo\.  Survey  ^o.'iSA,  V5K5K>, 
pp.  33, 80, 122,  and  148;  and  Prof.  Paper  U.  8.  GeoL  Survey  No.  48, 1906,  pp.  42,  \^,  ^45,  Vi7&,\V3ft. 


BBPOET  U.   S.   rUEl>TESTlNG   PLANT,   1B06-^ 

CHEMICAL  ANALYSES. 
Arkansas  No.  1  B. 


C«r 

Lftbtiratory  No,,,.,._, ^ ..,,.,^ .,._ _.-... 

!L90 

a.  53 

16.66 
72.04 
7.7T 

2580 
3.  BO 

400 
Xti.B3 
72.04 

7.14 

2680 

Alr-drylng loss ... .,__,^, ...... .,._...,  ,.,.,.,...,_,.,.,.,.  ... 

6.7U 

Projtimftte'. 

Moisture..... *...,„„..,., ,...„....,,^. ,..,,,„ ..,,-, 

7.49 

VqlftiHe  ma-tter,.-*. ,.,..... ..^-,. *„.,_,> ^.,, ,,...-„. „,.,,. 

IS.ift 

Fixed  carbon  ^ .  j.  *  ..4*»,  .'j..^^.  .t^.^^-.i-,jLt^ ..*.......   . 

59. 3S 

Aah.  ......  .....,,...„.,. - -^ 

HhW 

SiHpliiir...     .....  .,^.,....,.,,*—.  ,,.,,-.—,-,.,.  -,-,-.....„*,„. 

uon 

intimate: 

4,34 

Cafbotj  „,,-,., ,......„,.,,. , ,.,* ^.„4,,' 

" 

66. 54 

NitroRea..... , .,.., 

'        "-*• 

l.M 

Ojcygiin. .......,....»,.,,.*, ,,_,,.-,._^^--  --. .--  .. 

».7a 

Cftlorlflc  viilua  (ils  leceivfld): 

fnloiiw.. 

1,787 
14,017 

I'les 

CiUtnilatcd  Iroin  ultlmste  ajuil  jikIv 

""^':n:i 

ulfiw 

Washing  test  1S9. — Jig  ufied^  Stewart 
pounds;  refuse ^  15,190  pounds. 


WASEUfa  ANB  COKING  TESTS. 

Arkansas  No.  1  B  (slack). 

Raw  foal,  aijlSO  pounds;  washed,  46,000 


CokiTig  te§ta  {on  wasked  cooi). 


f4 

00 


Sizes  as  usod ....,,..^ .^.. ..^ . 

Dufation  of  te^t^ ,, , . . . *. w,, , * , ..,-^.>». . .,, ,^ . ...^hours. . 

Coal  thrtrged........ ........... ,_... ..potuids.. 

Coko produced , ,.„-, {j,e7^jai  " 

Br^^produM -  -fenV: 

TofjiS  yield.-.. ................. .^.........-.__._do,„. 


49 

lo.noo 

574 

&.74 

640fi 


^ 


71 
10,000 
5,eW 
58.06 

12.00 


f7.« 


f.  0. 

48 

10,000 

6,055 

60.55 

214 

2.14 

62.00 


TMt 


fiO 
10,000 

5.970 

59.76 

^1 

3.01 

63.97 


o  Plus  10  per  cent  pitch. 


t>  Plus  15  jiei  cent  pitch. 


Remarks. — Test  95:  Soft  and  punky;  dense;  breakage  very  irregular;  large  and  small 
lumps.  Test  96:  Soft  and  punky  with  no  cell  structure;  very  soft  and  dense  coke. 
This  test  was  run  slowly  to  save  burning  fixed  carbon  and  to  compare  with  test  95. 
Could  not  get  heat,  and  noncementing  action,  due  to  this  cause,  probably  accounts  for 
high  breeze.  Test  97:  Dull-gray  color;  dense;  breakage  very  bad  and  irregular;  laige 
and  small  chunks.  Test  100:  Dull-gray  color;  soft  and  punky;  dense;  practically 
same  as  test  97,  possibly  a  little  better. 

Analyses.    \ 


Washing  test  139.    Coking 

test  95. 
Coke. 

Coking  test  96. 

Coking  test  97. 

Coking  test  100. 

Raw      Washed 
coal,    j     coal. 

Coal. 

Coal. 

Coke. 

Coal. 

Coke. 

Coal. 

Coke. 

Moisture..         .  . 

7.49 
15.16 
50.*38 
17.97 

1.06 

6.32 

10.96 

16.66 

()6.51 

5.87 

1.01 

2.89 
3.67 
85.23 
8.21 
1.25 

6.77 
15.04 
69.32 
8.87 
1.14 

1.31 
2.44 
84.53 
11.72 
1.11 

7.80 
18.93 
64.92 
8.35 
1.08 

2.74 
1.29 
85l81 
10.16 
1.02 

5.69 

17.34 

68.67 

8.30 

1.12 

0.18 

Volatile  matter. . . 

2.03 

Fixed  carbon 

87.26 

Ash 

8.62 
1.12 

10.53 

Sulphur 

1.07 

TESTS ARKANSAS. 
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Cupola  tests  of  coke  made  from  Arkansas  No.  1  B  coal  (washed,  plus  JO  per  cent  pitch). 

CHARGE. 


Capola 
test 
No. 

Coke.o 

Fluid- 
ity 
stnp 

Divisions  of  chaiige. 

Ratio 
iron  to 
coke. 

Materials. 

1. 

2.             3.             4. 

96 
115 

1 
97  ,      1.96 

97         1.96 

7 
7 

Per  ct. 
93.06 

94.44 

(Coke 

^ Pig  iron.... 

IScrap 

fCoke 

^  Pig  iron.... 
(Scrap 

Lbs. 
190 
570 
190 
190 
570 
190 

Lbs.    1    Lbs.        Lbs. 

60  ;  60  1  fX) 
420  1  420  420 
140           140  ^        140 

60  60  60 
420  420  420 
140           140           140 

TotaL 


bs. 

Lbs. 

60 

430 

420 

2,2,')0 

140 

750 

60 

430 

420 

2.2,^>0 

140 

750 

RECORD  OF  MELT. 


Cupola 
test 
No. 


Blast  pressure. 


Onat— 


Maxi- 
mum. 


Weight  of  iron. 


Iron 
run- 


Melting. 


Recovered. 


,„„  Addi-  I 

1"°^   ; Poured.'  tional  ;  Total. 


in- 


melted.! 


Oz.       Min.   i    Lbs. 
96  i  3.50p.m....  7  8  ;     1,663  ■ 

115     3.33p.m....  7  ,  14       1.648 


Lbs.  Lbs. 
319  I  1,982 
404     2.052 


Min. 
36 
25 


Rate 


I  Ratio  i 


per       '^";"  I  Loss.    Iron. 
^«"^-  ,  coke.  :  I 


Lb9. 
3.303 
4.925 


I  Per  ct. 
5. 33  9. 60 
5. 58  '  10. 70 


Lbs. 
730 
627 


Coke. 


Lbs. 
58 
62 


LADLE  RECORD. 


Test  96. 


Ladle  No. 


Pounds. 


1.. 

2.. 

3.. 

4.. 

5.. 

6.. 

7.. 

8.. 

9.. 
10.. 
11.. 


Time 
(p.  m.), 


4.02 
4.07 
4.07J 
4.12 
4.12i 
4.13 
4.13^ 
4.14 
4.19 
4.19^ 
4.20 


Test  115. 


Test  96. 


Test  115. 


Pounds. 


Time 
(p.m.). 


106 
107 
104 
110 
112 
111 
129 
107 
128 
111 
108 


Ladle  No. 


3.57 

3.57i 

3.58 

4.05 

4.06 

4.06i 

4.07  'j 

4.07ii 

4.08 

4.09 

4.10 


12.. 
13.. 
14.. 
15.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 


Pounds. 


■| 


108 
115 

61 

97 
112  I 

58  ! 


55  , 

80  I 
41  ' 


Time  I 
(p.  m.).' 


Pounds. 


Time 
(p.  m.). 


4. 22  i  100  I      4.  lOi 
4.22J,  126         4.11 

4.23  95         4. 11 J 

4.24  I  94         4.12 

4.  24i 

4.2.5    

4.28 

4.  28i 

4.29 

4. 31    

4. 34 


o  Phosphorus  in  coke,  0.0135  per  cent;  sulphur  in  ash,  O.ai  per  cent. 

Remarks. — Test  96:  Iron  hot.     Test  115:  Iron  hot;  bod   burned   out  and  charges 
hung;  bottom  had  to  be  dropped  after  the  fifteenth  ladle. 


ARKAIS^SAS    NO.  7. 

Bituminous  coal  from  a  mine  located  4  miles  southwest  of  Midland, 
Sebastian  County,  on  the  Midland  Valley  Railroad,  was  designated 
Arkansas  No.  7.  The  coal  as  worked  at  a  depth  of  190  feet  at  this 
place  averages  7  feet  6  inches  in  thickness. 

Two  lots  of  coal  were  shipped  from  this  mine  under  the  supervision 
of  John  W.  Groves.  Arkansas  No.  7  A  consisted  of  domestic  lump 
which  had  passed  over  a  2-inch  perforated  screen.  It  was  used  in 
making  steaming  tests  293  and  294  and  producer-gas  test  96.  Arkan- 
sas No.  7  B  consisted  of  slack  coal  which  had  passed  through  a  2-incli 
19608,  Bull.  No.  332—08 5 
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perforateti  screen.  It  was  itsed  in  making  washing  test  141,  coking 
tests  104  and  105^  cupola  tests  116  and  142,  and  britiuetting  test  106. 
Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2503 
was  cut  9p50  feet  northwest  of  the  foot  of  the  slope,  whei'e  the  coal 
measured  8  feet  in  thickness.  Sample^ 2594  was  taken  900  feet  north- 
east of  the  foot  of  the  slope,  where  the  coal  measured  7  feet  1 1  iBches 
in  thickness, 

CHlIlflCAL  ANALYSES. 


Wnt^  $aii»ti|p». 

^^mtmplf9. 

ai^utltug  UMU.e 

A. 

B. 

»3 

»4 

Ti*iliiftfJlt.nry  ^o.  ,,,,.*  .,  .    ,    , 

aw 

73.  m 

a  01 
L£3 

si.m 

4  47 
1*127 
GLSJ 
11.  «0 

3.02 

4.33 

ao7 

15.00 

a.  24 

4.44 
G&2S 

L28 
a78 

Air-drying  lo«# .^ 

Moistum , . . . 

Volatile  nmttar ,  -^ ..  - 

5.41 

Lai 

4.ffi) 

7&ii 
1.31 
^48 

IftTI 
1.SI 

FiJted  carbon  ■...,,.. , 

«I7.« 

Ash,., ,..„,^,. 

11.11 

Sulphur i-  ..*.  - 

VlttmaU: 

Itydnpgpn-. „ 

"-"■"^'  - 

Carbon.. ..,J,„ 

NrtrogBn..„ _...-.- ,,.-... _- 

5;^^;;:::::;::::::::::::::::::::;:::::::::::::::::::::: 

JLC! 
tL|3 

Sulphnr. .  ..^ 

tS 

CalQhflc  value  (as  rwei^ed): 

:  ]Ca!odPB..  . 

14,235 

./.  [III. 

7.0» 
12,  wo 

W.704 

a  ©CO 

6,718 

i2,m 

Calculati  4  tvom  ultimat* 

y.i..[iv.\ 

aualjiia  ..,_..,......... 

«  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 


STEAMING  TESTS. 

Arkansas  No.  7  A  (lump). 


Test  293.    Test  294. 


Size  as  used: 

Over  1  inch per  cent. .  6. 3 

i  inch  to  1  inch do. . . .  11.  9 

jinch  to  J  inch do 1&5 

Under  J  inch do '  63. 3 

Duration  of  test hours.  .1  ft  8 

Heating  value  of  coal B.  t.  u.  per  pound  of  dry  coal. . '  13. 705 

Force  of  draft: 

Under  stack  damper inch  water. .  0. 62 

Above  fire do .15 

In  ash  pit  (forced  draft) do 

Fiimace  temperature °F..  1, 972  i 

Dry  coal  usea  per  square  foot  of  grate  surface  per  hour pounds. .  13. 71 

Equivalent  water  evaporated   per  square   foot   of  water-heating  surface   per  \ 

hour pounds ..  2. 60  I 

Percentage  of  rated  horsepower  of  boiler  developed I  72. 8  , 

Water  apparently  evaporated  per  pound  of  coal  as  finnl pounds. .!  7.  55 

Water  evaporated  from  and  at  212°  F. :                                                                          I  | 

Per  pound  of  coal  as  fired do &  97  , 

Per  pound  of  dry  coal do 9.  48 

Per  pound  of  combustiM'^ do 11.02 

Efficiencv  of  boiler,  including  grate per  cent. .  66. 80 

Coal  as  fired : 

Per  indicated  horsepower  hour pounds. .  3. 15  I 

Per  electrical  horsepower  hour do 3. 89 

Dry  coal: 

Per  indicated  horsepower  hour do 2.98 

Per  electrical  horsepower  hour do :  3. 68 


7.0 
&8 
141 

7ai 
lao 

13,531 

a€2 


.25 
2.060 
17.34 

ao6 

8.'5l7 
7.01 

a35 
&84 

ia34 

6a  09 

a39 

4.18 

aao 
a95 
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PBODUC£B*GAS   TEST. 

Arkansas  No.  7  A  (lump). 

Test  96. — Size  as  used:  Over  1  inch,  28  per  cent;  i  inch  to  1  inch,  10  per  cent;  \ 
inch  to  i  inch,  15  per  cent;  under  }  inch,  47  per  cent.  Duration  of  test,  50  hours; 
average  electrical  horsepower,  137.3; ■•verage  B.  t.  u.  per  cubic  foot  of  gas,  125.5; 
total  coal  fired,  12,900  pounds. 


Coal  consumed  in  producer  per  horsepower  hour  {pounds) . 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switch  board  i 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


Equivalent  us^  by  producer  plant  {pounds) . 


Per  electrical  horsepower: 

Commercially  available 

Developed  at  switch  board  . 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


Coal  us 
fired. 


2.00 
1.88 


1.75 
1.60 


Drv 
coal. 


,  Combus- 
tible. 


2.24 
2.04 


1.90 
1.74 


1.97  ; 
1.80 


1.67 
1.53  ! 


2.14 
1.96 


1.82 
1.66 


.46 
.34 


1.87 
1.71 


.59 
.4^ 


Analyses. 


Coal. 


Gas  by  volume. 


Ifoistiire : 4.27  i  Carbon  dioxide  (COt) 14.8 

Volatile  matter 16. 04      Carbon  monoxide  (CO ) 12. 1 


Fixed  carbon 67. 43 

Ash 12.26 

Sulphur 2.15 


Hydrogen  (Hi) 16.1 

Methane  (CH^) 1.6 

Nitrogen  (Ni) 55.  4 


WASHING  AND  COKING  TESTS. 

Arkansas  No.  7  B  (slack). 

Washing^  test  141.— Jig  used,  Stewart.     Raw  coal,  50,000  pounds;  washed,  38,000 
pounds;  refuse,  12,000  pounds. 

Coking  tests  (on  washed  coal). 


Site  as  used 

Duration  of  test hours 

Coal  charged pound s 

coke  produced {—^^i 

Br«,«,  produced {»»i 

Total  yield do. . 


Test  104. 

Test  ia'».'» 

s. 

f.  c. 

67 

57 

10,000 

10,000 

2,730 

4,868 

27.30 

48.68 

3,750 

1.604 

37.50 

16.04 

64.80 

()4.  72 

a  Plus  5  per  cent  pitch. 

Remarks. — ^Test  104:  Dull-gray  color;  very  soft  and  light  weight;  breaking  up 
in  oven,  on  pulling,  into  large  and  small  chunks;  has  appearance  of  being  cemented 
together  after  volatile  was  driven  off;  practically  no  cell  structure;  high  yield  of 
breeze  due  to  noncemtenting  action,  all  volatile,  as  analysis  shows,  being  driven  off 
finely  crushing  before  charging.  Test  105:  Soft  and  punky ;  very  dense;  dull  and  not 
gray  color;  pbysically  better  than  coke  from  coal  without  pitch;  percentage  of  brce/c 
very  high;  breaks  into  large  and  small  chunks;  better  weight  than  coke  in  test  101, 
but  light. 
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AnalyttM. 


W^hm^  Ust  UL      Cokftie  fMt  im.        CokiQ^  tost  \QZ. 


J 


4niLl.  QoaL 


r^»i. 


Ctike. 


V6lictll«il|«ttol'-..^.,...l..^...>^. 15.23  !,,.„-,-*,  14.W  .13 

FlK«dcaflM»L,....«,,^,i,.»..«,«.i..,too«.  *a.8»  ' I  70.91  W.7% 

A^.... .......^.....►,....-..^.^«..  la. 00  I          7.1f  7.1»  «i«a 

atilf«mr..... ^_-^...w^^^-.-^,-  -  2.54            US»  l.*»  L?0 


CtOsb. 


A.  IT 


0.«7 

W.14 
9.31 

1.60 


CHARGE, 


CUpOlA 

Co^e^              1 

D(T**loij*ofdiftI»&. 

tert 

«^,^     Spedf-    lUtlo  ;tr«til[i> 

Mmpmtht. 

1 

Totul. 

No. 

r  ,'^^;- 

tOf»kB» 

1. 

± 

3. 

L 

& 

f 

Iperrf. 

lAf. 

I*.. 

Um. 

Us. 

LbM. 

£6i. 

Cok*... 

7        9fl.«  n'igiron...„ 

SO 

M 

5A  1 

as 

sa 

430 

m 

lOS        L*7 

oio 

3«S  1 

lea 

397 

m 

2,250 

\                Serap....... 

m 

133 

1^  1 

m 

1X2 

7S0 

^                 Cok^._ 

220 

53 

^  1 

S3 

4:3 

430 

1« 

im 

m 

T.    93,05    'PigiroR 

c«t> 

39« 

%)8l 

a»r 

3B7 

2/m 

230 

1S3 

'"i 

132 

]^ 

750 

«  Phooptlomi  In  @ok«,  OjCH^  p^r  muti  Ailpbur  in  li^*  0.07  per  cent. 
tIECORD  OF  ICELT. 


BLwt  prpsfflifff. 

Wtlg&toriTOtt.                                  Ml!Jti 

Ratio 

iron  to    Loss. 
TOkii.  1 

TteeoTerMj. 

j             ,    ruii- 
1  munLi     10^ 

'  Addi-                             RAt« 

PouTtitd-  t(on»l  1  Totil.  Time,      per 

inelbed.                          hour. 

Irpo 

Colw. 

US 

142 

10.41  ium... 

0«.       M^ 
7            12 

7,          6 

773  ,        ais!  l.OGO          33     1,9S3 

l,m          aw     2.036          35  1  ^.490 

3,^      3.13 

S.7^|    7.110 

1,«10 
736 

LADLE  RECORD. 


Test  116. 


Ladle  No. 


Test  142. 

p°-<"'i(ir).p<>-'>''!(rr). 


Test  116. 


Test  142. 


I      

83 
94 
74 
90 
97 
23 
65 
72 
80 
61 
24 

11.05 

2 

11.06 
ILU 
11.12 
11.12i 

3       

4 

5       

6 

11.13 

11.17 

8 

11.174 

9         

11.181 

10 

11.25  1 

11         

11.26 

11.07 
11.10 
U.lOi 
11.12 
11.12. 
11.17 
11.17.i 
11.18 
11.19 
11.2,'i 
11.2.34 


Ladle  No. 


I  Pounds. 


Time 
(a.m.). 


Pounds. 


83 
64 
104 
77 
55 
98 
72 
58 
63 
58 
40 


Time 
(a.  m.). 


11.24 

11.25 

11.25i 

11. 2t) 

11.28 

11.28i 

11.-29 

11.33 

11.33.i 

11.34 

ll.:i6 


Remarks. — Test  116:  Imn  hot;  charges  hung  and   bottom  dropped  after  eleventh 
ladk*.     Test  142:    Iron  medium  temperature. 
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BRIQTJETTINO  TEST. 

Arkansas  No.  7  B  (washed  slack). 

Test  i06.— Machine  used,  English.  Temperature  of  briquets,  179.6®  F.  Kind  of 
binder,^  coal-tar  pitch;  laboratory  No.  2735  (see  p.  40).  Amount  of  binder,  4.  5, 
and  6  per  cent.     Weight  of  fuel  briquetted,  4,000  pounds. 

Briquets  made  with  4,  5,  and  6  per  cent  of  binder  were  equally  satisfactory,  with 
hard,  fine  structure,  glossy  fracture,  and  well-molded,  sharp  edges.  In  the  drop 
test  with  4  per  cent  binder  the  1-inch  screen  held  31 .4  per  cent  and  passed  68.6  per 
cent.  In  the  weathering  test  all  binders  were  exposed  80  days;  condition  for  the  4 
per  cent  C,  for  the  others  B. 

ARKANSAS  NO.  8. 

Semianthracite  coal  from  Spadra,  Johnson  County,  on  the  St. 
Louis,  Iron  Mountain  and  Southern  Railway,  was  designated  Arkan- 
sas No.  8.  The  coal  as  worked  at  a  depth  of  87  feet  at  this  place 
averages  2  feet  10  inches  in  thickness. 

The  sample,  which  was  shipped  under  the  supervision  of  W.  J.  Von 
Borries,  consisted  of  No.  4  coal  screened  on  a  l}-inch  round  per- 
forated screen.  It  was  used  in  making  steaming  tests  297,  308,  and 
(washed  coal)  309;  producer-gas  test  95,  and  washing  test  144. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2587 
was  cut  1,300  feet  northeast  of  the  shaft,  where  the  coal  measured 
2  feet  11  inches  in  thickness.  Sample  2588  was  cut  1,650  feet  north- 
west of  the  shaft,  where  the  coal  measured  2  feet  IH  inches  in  thick- 


ness. 


CHEMICAL  ANALYSES. 


Arkansas  No.  8. 


Laboratory  number. 

Air-diying  loss 

Proximate: 

Moisture 

Volatile  matter. . . 

Fixed  carbon 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon , 

Nitrogen 

SSr:::::::;::: 

Sulphur 


Calorific  value  (as  reoeiyed): 

Detennined {f!°t^.:: 

Calculated  from  ultimate  jcfdories. . 
analysis \B,  t.  u... 


Mine  samples. 


2587 
2.50 

3.12 
11.39 
77.03 

8.46 
-1.84 


7,607 
13,793 


2588 
2.10 

2.72 
11.20 
77.71 
8.37 
2.78 


Steaming  tests.* 
sample.        297.  308.      ' 


2744 
4.40 

5.19 
10.49 
70.31 
14.01 

2.05 

3.78 

72.43 

.51 

7.22 


■ 

■         -  — 

3.24 

5.93 

.5.93 

9.90 

11.21 

10.79 

71.93 

74.80 

75.  43 

14.93 

8.06 

7.85 

2.46 

2.08 

2.03 

3.34 

3.63 

3.64 

75.46 

82.06 

82.30 

.53 

.57 

.59 

2.70 

2.96 

2.97 

15.43 

8.57 

8.34 

2.54 

2.21 

2.16 

6,922 
12,460 

6, 891 
12,404 


a  The  flowing  point  of  the  binder  used  was  188.8"  F.,  and  58.56  per  cent  of  the  sample  as  receivtvl  was 
extracted  by  CSs.    All  other  data  concerning  this  binder  were  lost  in  the  Are. 
b  Proxbnate  aoalyBis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  cur  sample. 


PBODUCEB-GAS  TEST. 


Arkansas  No.  8. 

TeU  95. — Size  as  shipped,  4  inches:  size  as  used :  Over  1  inch,  68  per  cent;  }  inch 
to  1  inch.  13  per  cent;  \  inch  to  J  inch.  6  per  cent;  under  \  inch.  13  per  cent.  Dura- 
tion of  test.  26  hours;  average  electrical  hui^epower.  177.2;  average  B.  t.  u.  per  cubic 
foot  of  gas,  130;  total  coal  fired,  8,^50  pounds. 


Per  electrical  horsepower: 

CamxDcrcuUly  available 

Developed  at  switchboard. 

Per  brake  horsepower: 

ComiDerrialiy  available 

Developed  at  engine 


Equiraleni  used  bp  producer  plant  (jjotinds) . 


Per  electrical  horsepower: . 

Commercially  available 

Developed  at  switrfi board . 

Per  brake  horsepower: 

Commennally  available 

Developed  at  engine 


Analysts. 


Coal  as 
fixed. 


I  'Combust* 


Coal  consumed  in  producer  per  horse po*rer  hour  (jtoundt 


1.96 
1.86  I 


1.66 
1.58 


L13 
L02 


1.81 
1.72 


LTiy  ooai. 

ible. 

1-90 
1.81 

1.60 
1.52 

1.62 
1.54 

1.36 
1.29 

2.07 
1.97 

1.74 
1.65 

1.76 
L67 


Coal. 


Gof  by  volume. 


Moisture 2. 74 

Volatile  matter 9. 70 

Fixed  car»x>n 71.95 

Ash 15.61 

Sulphur 2. 45 


1.48 
1.40 


Carbon  dioxide  (CO,> 11.3 

Carbon  monoxide  \VO) 15.9 

Hydrogen  (H,) 14. 7 

Methane  (CH<) 1.0 

Nitrogen  (N'l) 56.7 

Oxvgen  (Of) 2 

Ethylene  (CtH«) 2 


TESTS — ^ABKANSAS. 


71 


WASHING  TESTS. 

Arkansas  No.  8. 

Test  144' — Size  as  shipped  and  used,  No.  4  nut.  Jig  used,  Stewart.  Raw  coal ,  23 ,000 
pounds;  washed,  19,570  pounds;  refuse,  3,430  pounds. 

Analyses, — Raw  coal:  See  car  sample  No.  2744  (p.  69).  Washed  coal:  Moisture, 
5.03;  ash,  7.85;  sulphur,  2.03. 

ARKANSAS  NO.  9. 

Bituminous  coal  from  Bonanza,  Sebastian  County,  on  the  Frisco 
System,  was  designated  Arkansas  No.  9.  The  coal,  as  worked  at  a 
depth  of  350  feet  at  this  place,  averages  3  feet  3  inches  in  thickness. 

This  sample  consisted  of  slack  coal  through  a  IJ-inch  bar  screen. 
It  was  shipped  under  the  supervision  of  John  W.  Groves,  and  the 
following  tests  were  made:  Washing  test,  140;  coking  tests,  98,  99, 
101,  102,  and  103  on  washed  coal;  and  cupola  tests  95  and  117. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2599 
was  cut  1,400  feet  southeast  of  the  shaft,  where  the  coal  measured 
3  feet  IJ  inches  in  thickness.  Sample  2600  was  cut  1,100  feet  west 
of  the  shaft,  where  the  coal  measured  3  feet  2  inches  in  thickness. 

CHEMICAL  ANALYSES. 

Arkansas  No.  9. 


Laboratory  No 

Air-dr3riiig  loss 

Proximate: 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  (as  received) : 

Determined 


Biine  samples. 


2599 
1.70 

1.99 

15.90 

75.05 

•   7.06 

1.05 


2600 
1.80 

2.12 

16.17 

75.01 

6.70 

1.78 


Car 
sample. 


/calories. 
\B.  t.  u.. 

Calculated  from  ultimate  analysis {if.^t^S^! 


7,826 
14,087 


2690 
4.20 

5.26 
14.71 
55.22 
24.81 

1.00 

.  3.91 

59.87 

1.23 

9.18 

5,S06 
10. 451 

5.812 
10, 462 


WASHING  AND  COKING  TESTS. 

Arkansas  No.  9  (slack). 
Washing  test  140,— Jig  used,  Stewart.     Raw  coal,  77,300  pounds;  washed,  57,350 
pounds;  refuse,  19,950  pounds. 

Coking  tests  (on  washed  coal). 


\. 


I 


Sttze  as  shipped Inches. 

Size  as  us^. do... 

Duration  of  test hours. 

Coal  charged pounds. 

Coke  produced fci^ni! 

B»e«prodneed I^^^^^i' 

Total  yield do. . . 


Test  W.     Test  99.  Test  lOl.a  Test  102.6  Test  103. 

i 


f.  c. 
28 


f.  c. 
39 


43 
10,000 
6,252 
62.52 
458 
4.58 
67.10 


1| 

n 

40 
10.000 
5. 107 
51.07 
1,693 
16.93 
t)8.00 


A  Ploi  3.44  per  cent  asphalt. 


b  Plus  10  per  cent  pitch. 


c  Plus  5  per  cent  pvlcVi. 
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BEPOBT   U,   S,   rUEL-TESTING   PLANT,   1906-7t 


Rmiarks.—T(vl  9B:  No  coke  produced;  ashed  down  about  5  inches.  Teat  99  on 
metieil  slack  not  crushed  gave  mmo  rt«ult;  no  coke.  Test  101:  No  coke  produced; 
adied  down  about  B  inchea.  Teat  102:  Dull-gmy  color:  aoft  and  punky;  dense  with 
(^xmI  weight;  breakage  very  irregular,  large  and  small  chunks.  T*^t  103;  Very  mtt 
atul  punky;  haH  appearaufe  nf  being  cemented  together  after  volatile  wiw  drive*n  off; 
high  yii3ld  of  lirei^^te  due  to  noncementing  action,  all  volatD^  being  driven  off;  5 
per  cent  pitch,  not  enough,  as  reeulte  from  test  102 ,  10  per  cent  pitch,  show. 


Washiug 

teat  140. 

(OOftlj. 

€.1^      *^^^««  '^'^  ^^■ 

Coking  ta^  mL 

WaahBd. 
W4a. 

iRSt  loi 

€ok». 

CO.L 

Coke, 

MflUtm^.,.. 

VobMte  matter....  „ 

Pbrad  carbon 

Asb ..._, 

Sutphur. . . .  - ._, 

14  71 

fi&2S 

24  SI 

LOO 

7.78 

■*"i4» 
.m 

7.4a  i 

65.55 ; 
iai8 

.06 

(130  '        Lm 
1474  1        17.22 
05.01  1       64  03 
I3vll5  1        13-15 
.08            LOI 

.«i 

B1.4S 

17.41 

i.07 

&T6 
1484 

12.77 
L02 

sit 

15.17 
1,07 

Cupola  te^ts  of  coke  jomk/rom  Arkamtot  Mo,  9  coalf  waified^  plus  10  per  cer^t  pitch. 

CHARGE. 


Cupoln 
t^*t 
No. 

Cake.* 

Fluid- 
■trip 

fmt 

Bl-irtsloiu  ei  chAT^. 

No, 

Speciflo,  Ratio 
gmv'  !  Iron  to 

UotorlAlA. 

1 

2.             3. 

*      «. 

TotaL 

117 

loe 

102 

ZM            7 

2,W|           7 

Oft  01 

Cok^ 

Pig  iron,,.,.: 
St-mp....... 

CokB,., 

Hgiron..,.. 
Scrap , 

LbM. 
210 

210 
220 

iXlO 

133 
133 

55 

l:i5 

S3 
397 
1^ 

m 

3.2riO 
750 

2.250 
750 

RECORD  OF  MELT. 


Blast  pressure.      ' 

Weight  of  iron.        i                  Melting. 

Recovered. 

Cupola 
test. 
No. 

Onat— 

llUll 

run- 
Max-  !    ning 
imum.     in— 

Poured. 

Addi- 
tional i  Total.    Time, 
melted.^ 

1 

Rate 

per 

hour. 

Ratio 

iron 

to 

coke. 

Loss. 

i 
Iron.  Coke. 

95 

117 

10. 50  a.  m. 
8.02  a.m. 

Oz.    1    Min. 

7            12 
6§           16 

1 

Lbs. 

679 

1,005 

Lbs.    1    Lbs.      Min. 
354  1  1,033  1        28 
288  !  1,293  ;        25 

1 

Lbs. 
2.214 
3,103 

a56 
4  01 

Perct. 
5.07 
8.10 

Lbs. 
1,815 
1,464 

Lbs. 
140 
108 

Test  95. 


LADLE  RECORD. 


Test  117. 


Ladle  No. 


Po-O-    (lr,.i  Po-<"-   J.ml 


1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 


11.16 

78  1 

11. 19 

52  1 

1     U.  19i 

53 

11.20 

70 

1     11.26 

67 

11.26J 

37 

11.27 

(K)  1 

11.29 

66 

11.29i 

1 

-        83  1 

1 

8.26 

8.31 

8.31J 

8.32 

8.32i 

8.34 

8.  34J 

8.3.5 

8.35* 


Test  95.                  Test  117. 

Ladle  No. 

Pounds. 

(a.m.).  P^"°^«-    (a.m.). 

10 

11 

61 

11.30               77        8.38 
54         8. 38J 

12      ... 

55         8.39 

13 

'              64         8. 391 

14 

70        8. 4ll 

15 

48        a42 

16 

45         8.42^ 

17 

26         8.43 

i 

a  Phosphorus   n  coke.  0.0.'i29  per  cent;  sulphur  in  ash,  0.17  per  cent. 
Revmrks.—Ti^^t  95:  Iron  cold  and  dull.     Test  117:  Iron  hot  and  fluid. 


TESTS ARKANSAS. 
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ARKANSAS  NO.  lO. 

Lignite  from  a  mine  located  7  miles  west  of  Lester,  Ouachita 
County,  on  the  St.  Louis,  Iron  Mountain  and  Southern  Railway,  was 
designated  Arkansas  No.  10.  The  lignite,  as  worked  from  the  out- 
crop at  this  place,  averages  5  feet  6  inches  in  thickness. 

This  sample  consisted  of  run-of-nune  lignite  and  was  shipped 
under  the  supervision  of  John  W.  Groves.  It  was  used  in  steaming 
test  340  and  producer-gas  test  91. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
2647  was  taken  300  feet  from  the  drift  mouth,  where  the  coal  meas- 
ured 6  feet  6  inches  in  thickness.  Sample  2648  was  taken  in  the  air 
course  300  feet  from  the  drift  mouth,  where  the  coal  measured  5  feet 
in  thickness. 

CHEMICAL  ANALYSES. 

Arkansas  No.  10. 


Mine  samples. 


Car       Steaming 
sampie.o   test340.o 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon — 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Ash. 


2647 
32.60  ! 

39.50 
25.35 
22.57 
12.58 
.53 


2648 
35.70 

41.25 
27.96 
22.98 
7.81 
.50 


Sulphur 

Calorific  value  (as  received): 

Determined {b.^?"u^: 

Calculated  from  ultimate  analysis {b!^ t"*^^* " 


3,265 

5,877 


2726 
25.10 

39.43  I 

26.49  1 

24.37  ' 

9.71  ' 

.49 

6.98 

36.33 

.68 

45.81 


38. 75 
25.82 
22. 20 
13. 2:i 
.57 

4.00 
55.88 

1.04 

16.55 

21.60 

.93 


I 


3,531 
6,356 
3.377  ! 
6.079  i 


I 


«  Car  sample  figured  from  producer-gas  test  91. 

b  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 

STEAMING  TEST. 

Arkansas  No.  10  (run  of  mine). 


Te8t34C. 


Size  as  used: 

3  inch  to  U  inch per  cent. .  36. 3 

1  i  inch  to  1  inch do ... .  8. 1 

J  inch  to  1  inch do....  19.3 

J  inch  to  I  inch do....  15.0 

Under  \  inch do. . . .  21. 3 

Duration  of  test hours. .  9. 0 

Heating  value  of  fuel B.  t.  u.  per  pound  dry  fuel. .  9, 549 

Force  of  draft: 

Under  stack  damper inch  water. .  .82 

Above  fire do «.  12 

Dry  fuel  used  per  square  foot  of  grate  surface  per  hour pounds. .  3.').  IVi 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour do 3.71 

Percentage  of  rated  horsepower  of  boUcr  developed 6  lo  1.  o 

Water  apparently  evaporated  per  pound  of  fuel  as  fired pounds. .  2. 99 

•  Forced  draft.  '  Test  represents  maximum  capacity. 
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EEPORT   U-  S,    FUEL-TESTING   PLANT,   1M6~7> 

STEAHOra  XI ST— I '*jTi ti n u ed , 
Arkansas  No.  10  (run  oi  mint*). 


Ti«t  340. 


.do. 


per  cent..  J 


WfctjiT  in'iL|M>rftt*>rt  from  &nd  at  212*  T.i 

IV r  |H>Lt]ii|  nf  (iirl  ai9  fLmd  ..,,.,,._ .-*.. ,.. _.^,.,. 

IV  r  ikiiitl4  I  if  iJTj  hmi. ........._.,.,  ^,,,. ,,*,.,„__^  „,*.... ,--. 

I Vr  poiittd  fit  combu^tibU^ .„..._,.,, ^ „,_«_„ , ,  •*^  „, 

E  flldfTUT  <^f  builpf ,  Indndiii^  ^luto ^  .■_ .  ^_  * . . .  ^  --^- , .,_._,,  ,^ , . . .,, 

Fiit4  Jis  nivcl; 

Vvr  liidiciLtf'd  lif>r*i!?t^o w*t  hour.  ..,.*--, ,.,._. .»^> ,__-. .^ ... 

Per  elnr^trit'-AJ  horsrfiei wvr  hour^ , .^,,, ,,.....,,. ,, *, , -^^ .-^ . . . - .cw, 

Dry  twU 

Pfr  Indicated  horseptJWt?r  hfmr.^^^^*.^*^i^t,t^i*,4..-i-.--— ^- ---- ,.^..do, 

rer elixitrEciLl  hofa<'pc>«"pr  hour, -*-,.,,. * .^.,^*„>m**#.9.**^ * , .. , , ,, , .dO', 


7.00 
483 


FBODnCEE-0AS  TEST. 

Arkan^is  NtK  10  (run  of  mine  U 

Test  ff/.^Dnmtion  of  teat^  18  houis.     Average  electrical  hot»epower,  12S.7.     Aver- 
age B.  L  u.  per  cubic  foot  of  gm,  125,3.    Total  cnml  fired,  8,250  pounds. 


Coal  tonmmed  in  prtKlitcer  per  hortepovfer  hour  (powuirk 

For  elfictrlfjar  honstapower: 

CouiTTHMruillj''  ftTflilahle.,..„ . »_.._. .._ 

Dpvf loped  at  iwltch  hoArd  ...^. .,.,,*,,,-,., „-,..,., ,,..,_.,. 

CfiinnKJTfjtnUy  avrtilflMe .. . .  ...*^ ^.,-..j-*.^-.>i. 

mjvdoped  lit  Piif^ntv  , ,...,. . ._,,_ 


tibb. 


^TIitriMil^nf  uMed  bff  />rodUivr  /jfcirif  (/lOUiff?.^  . 


CoiiiTn<i>rcijtHy  avuilablci ...... 

FcT  bnike  liorBppowpr; 

Cnni  me  tviu.  I  fy  li vnllAble , . 

Developtfl  at  eii^nc*. ........ 


187 
3.20 

a.oa 


4  4i 

4.07 


H.75 


3.34 


1.S3 


2.t3T  I 
2,00- 


Analysis  of  gas  hy  volume. <^ 


Carbon  dioxide  (COt). . . 
Carbon  monoxide  (CO) . 

Hydrogen  (Hi) 

Methane  (HC^) 

Nitrogen  (Nj) 


13.5 
14.0 
9.2 
2.4 
60.9 


1.81 


1.67 
1.54 


3.24 


1. 7ij 


ARKAX8AS  :N^0.   13. 


Bituminous  slack  from  mines  at  Denning,  on  the  St.  Louis,  Iron 
Mountain  and  Southern  Railway,  was  designated  Arkansas  No.  13. 

Three  cars  (100  tons)  of  this  coal  were  shipped  by  the  operator 
uninspected,  and  used  for  briquetting  tests  164f'',  214,  and  221. 

a  For  analysis  of  coal  see  p.  73  (car  sample  No.  2720). 

b  Briquets  from  this  t**st  were  used  in  water-gas  machine  test.    (See  p.  44.) 


TESTS ^ARKANSAS. 
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CHEMICAL  ANALYSES. 

Arkansas  No.  13. 


I 


Labratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphnr 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Ash 

Sulphur 

Calorifu;  value  (as  received) : 

Determined {^^11^^: 

Calculated  from  ultimate  analysis {^.  t'lu*'" ' 


Car 
sample. 


3798 
1.70 

2.91 
12.65 
66.93 
17.51 


Briquettin^  tosts.o 
164t.     1      214.  221. 


■| 


3.60 
70.88 

1.17 

3.72 
17.51 

3.12 

6,840 
12,312 

6,876 
12,377 


1.49  I 
15.11 
68.30 
15.10 

2.58 

3.84 
75.  a3  I 

1.35 

1.83  I 
15.33  I 

2.62  I 


1.05 
16.50 
68.84 
13.61 

2.48 

3.85 
75.63 

1.24 

1.70 
15.23 

2.33 


4G2G 
0.80 

1.76 
1.5.  98 
67.30 
14.% 

2.29 

3.84 
75.  fi.'i 

1.24 

1.71 
15.23 

2.33 

7,181 
12, 920 


a  Proximate  analysis  of  coal  as  received;  ultimate  analysis  on  dry  basis. 
BRIQUETTING  TESTS. 
Arkansas  No.  13  (slack). 
Tests  164\i  ^Hy  S21. — Size  as  used:  Over  }  inch,  1.4  per  cent;  jV  inch  to  i  inch,  6.2 
per  cent;  ^V  i^^h  to  jV  inch,  10.6  per  cent;  ^q  inch  to  ^  inch,  15.8  per  cent;  through 
^  inch,  66  per  cent.     There  was  no  apparent  difference  in  appearance  between 
briquets  made  with  7  and  8  per  cent  binder.     Both  were  excellent  briquets,  with 
hard,  smooth  surface,  clean  fracture,  c^asily  handled,  and  piled  while  warm.     Less 
binder  could  be  used  with  increased  pressure.     The  briquets  with  8  per  cent  binder 
made  less  slack  in  handling  when  cold.     Those  with  9  per  cent  binder  were  not  satis- 
factory, as  the  pitch  used  had  a  much  higher  melting  point  and  could  not  be  suc- 
cessfully worked  at  the  pressure  available. 


Details  of  manufacture: 

Machine  used 

Temperature  of  briquets **F. 

Binder- 
Kind 


Laboratory  No.  (see  p.  40) . 


Amount percent. 

Weirfit  of— 

Fuel  brtquetted pounds. 

Briquets,  average do. . . 

Heat  value  per  pound- 
Fuel  as  received B.  t.  u. 

Fuel  as  fired do... 

Binder do. . . 

Drop  test  (1-inch  screen) : 

Held per  cent. 

Passed do... 

Tumbler  test  (1-inch  screen) : 

Held do... 

Passed  (fines) do. . . 

Fines  through  lO-mesh  sieve do. . . 

Weathering  test: 

Time  exposed days. 

Condition 

Water  absorption: 

In  19  days per  cent. 

In  13  days do... 

Average  for  first  5  days do... 

Specific  gravity  (apparent) 


Test 
164t.  a 


Renf.  i 
185 

w.g.p. 

3885 
7 

140,000 
0.451 

12,312 
12,917 
16,870 

54.5 
45.5 

79.0 
21.0 

87.7 

106 
B. 


Test 
214. 


Renf. 
185 


Test 
221. 


Renf. 

185 


17.2 


2.50 
1.130 


w.g.p. 

4683    /  ^"-^ 

8  9 


40,000  I 
0.464  I 
I 
12.312  j 
12,026 
16,812 


49.5  I 
50.5  ' 


5,000 
0.489 


81.5 
18.5 
87.3 


10.  576 

51.0 
49.0 

86.0 
14.0 

88.9 


13.6  , 
2.36  I 
1.161  I 


10.  2 
1.72 
1.247 


a  Briquets  from  this  test  were  used  in  water-gas  machine  test  (p.  44). 
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REPORT   U.    S.    FUEL-TESTING    PLANT^   1006-1 


LatMrdtory  No. 


Atr-dfying  UM«t ......percent. 

BxtfmotedbyCSi: 

Air  dried  „,.„.....,  ^.... do... 

As  Ti9eBtv?jd- ,... ...H*K..-do+.. 

CiU'li  its  UdqiioU,  n^  xt!C«fv^d . .do... 


I'liches. 


&at30 


d9.m 


7798 


BrlqiBitB. 


THHt 

JM 


fklO 


e.14 

8.03 


FLORIDA, 


FLOHIOA  ^ro,  1. 


Pf^at  from  a  bog  located  at  Orlarulu,  Orange  Count\%  on  the  Sea- 
board Aix  Liiie  Rail  way,  wasi  dosignatetl  Florida  No.  1 . 

This  sample  consisted  of  mat'hmed  peat  made  by  a  commercial 
process  and  sun  dried,  and  was  used  in  steamin^r  test  386  and  producer- 
l^as  test  117. 

By  this  process  the  peat  first  passes  throu|^h  a  condenser,  which  dis- 
integrates the  material  and  destroys  the  fiber.  From  the  condenser 
the  peat  is  elevated  to  a  moldhig  machine,  consisting  of  a  cylinder  and 
two  verticiil  nnd cling  wbc(-]s.  Through  the  ry Under  passes  a  vertical 
shaft  to  which  are  attached  revolving  arms  set  in  a  screw  form. 
Between  these  arms  perforated  plates  are  set.  The  peat  passing  into 
the  top  of  the  cylinder  is  forced  dowTi  through  the  plates  to  the  mold- 
ing wheel.  From  the  molding  wheel  the  bricks,  which  are  8  by  4  by 
2\  inches,  are  dropped  on  boards  which  are  being  continually  pushed 
imder  the  machine  by  a  link-belt  carrier.  These  boards,  containing 
6  bricks  each,  are  loaded  on  wagons,  50  to  the  load,  and  are  hauled  to 
the  drying  ground,  where  they  are  allowed  to  lose  from  60  to  75  per 
cent  of  their  moisture  content. 

Two  samples  were  taken  for  analysis.  Sample  3268  is  raw  peat 
just  as  it  comes  from  the  bog,  and  sample  3269  is  one  of  the  bricks 
as  it  came  from  the  machine  before  delivery  to  the  drying  ground. 


TESTS FLORIDA. 
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CHEMICAL  ANALYSES. 

Florida  No.  1. 


Bog  samples. 


Laboratory  No 

Air-drying' loss 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 


91.70 

92.41 

4.68 

2.58 

.33 

.05 


Ash. 


Sulphur 

Calorific  value  (as  received): 

Determined Ib^?"u': 

Calculated  from  ultimate  analysis   \lf.*  t"u!" 


3269 
84.70 

88.40 

7.28 

3.57 

.75 

.08 


Car       I   Steiim- 


3270 
9.00 


21.00 

17.21 

51.72 

51.01 

22.11 

24.85 

5.17 

6.93 

.45 

.49 

6.51 

5.18 

4(i.57 

57.77 

2.33 

2.89 

38.97 

2,'>.20 

8.37 
.59 


4.515 
8,127 
4.338 
7,808  ' 


a  Figured  from  sample  taken  from  producer-gas  test  117. 

b  Proximate  analysui  of  fuel  as  firea;  ultimate  analysis  of  (iry  fuel  figured  from  car  sample. 

STEAMING  TEST. 

Florida  No.  1  (compressed  peat). 


Test  386. 


Duration  of  test hours. 

Heating  value  of  fuel B.  t.  u.  per  pound  of  dry  fuel. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do... 

Furnace  temperature °F. 

Dry  fuel  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour do. . . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  fuel  as  fired pounds. 

Water  evaporated  from  and  at  212*  F.: 

Per  pound  of  fuel  as  fired do . . . 

Per  pound  of  dry  fuel : do. . . 

Per  pound  of  combustible do. . . 

Efficiency  of  boiler,  including  grate per  cent. 

Fuel  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  fuel: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


4.07 
10,082 

0.60 

.13 

2,457 

33.49 

4.04 
113.2 

4.27 

5.00 
6.04 
6.63 
57.85 

5.66 
6.98 

4.68 
5.  78 


PBODUCEB-GAS  TEST. 

Florida  No.  1  (compressed  peat). 
Test  117. — Duration  of  test,  50  hours.    Average  electrical  horsepower,  205.    Average 
B.  t.  u.  per  cubic  foot  of  gas,  175.2.     Total  fuel  fired,  29,250  pounds. 


P&U  consume  in  producer  per  horsepower  hour  (pounds) 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  norsepower: 

Commercially  available 

Developed  at  engine 

Equivalent  used  by  producer  plant  (pounds). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

CommerciaUv  available 

Developed  at  engine 


Peat  as 
fired. 

Dry 
peat. 

Com- 
bustible. 

2.98 
2.85 

2.35 
2.25 

2.20 
2.11 

2.53 
2.43 

2.00 
1.92 

1.87 
1    '9 

3.16 
3.03 

2.50 
2.39 

2.33 
2.24 

2.69 
2.57 

2.12 
•2  .OS 

1.98 

BJ5F0BT   V,   B.    FUEL-TEBTING   PLANT,   10Oft-7. 

Antilytiit  of  gas  by  \^himrM 

Carbon  dioxide  ^COj> -... ,„„..-„-..„....__,  12,4 

Carbon  mooflJitiae  {PO)  „_..__.„, ......_„-„„, „-.„.  2L0 

HydroEPJi  ^ll^\  ...... ,., ■.-.■.. „.. ..,■.,......... ,  1S,5 

Mpmflne  (Clio    -* .,..„...--,.....,*,.,„.„*,,..- „.„.,„„, 12 

N:kmBPa(Oj)_. „....„.—.-.._...„.- i&5 

EtJiyleoe  (C^iK, .__,.. „.,,__. ,„ __. ..„_ ... , 4 


GEORGIA. 
GEORGIA  NO.  1. 

Bituminous  coal  from  the  Little  River  bed  at  Menloj  Chattoourft 
County,  on  the  Chattanooga  Southern  Railway,  was  designated 
Georgia  No.  1.  Tliis  coal,  as  worked  from  the  outcrop  at  this  place, 
averages  1  foot  1 1  inches  in  thickness. 

One  sample,  shipped  under  the  supervision  of  A.  K.  Adams,  con- 
sisted of  lump  coal  over  a  li-inch  perforated  stationan^  screen,  and 
was  used  in  steaming  test  481  and  coking  test  173, 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
4155  was  taken  1,600  feet  east  of  the  opening,  where  the  coal  meas- 
ured 2  feet  in  thickness.  Sample  4156  was  taken  2,800  feet  east  of 
the  opening,  where  the  coal  measured  1  foot  11  inches  in  thickness. 


CHEIOCAL  ANALYSES. 
Georgia  No.  1. 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

SS:^":::::::;:;:::::::::::::::::::;:;:::::::;:::;::::::: 

Sulphur 

Calorific  value  determined  (as  received) {l?*t!u^' 


Mine  samples. 


4155  I 
1.90 

2.40 
18.17 
70.09 
9  34 
1.12 


4156 
2.30 

2.85 
17.14 
72.17 

7.84 
.67 


Car 
sample. 


7,106 
12,791 


4320 
3.20 

3.80  ' 
15.88 
65.83 
14.49 

1.27 

4.32 

70.59 

1.09 

8.24 


Steam- 
ing test 
481.6 


3.11 
16.90 
62.77 
17.22 

1.29 

3.92 
70.99 

1.09 

4.90 
17.77 

1.33 


«  For  analysis  of  the  peat  used,  see  p.  77  (car  sample  3270). 

b  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  drj'  fuel  figured  from  car  sample. 


TESTS — ILLINOIS. 
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STEAMING   TEST. 
Georgia  No.  1. 


Test  481. 


Size  as  used: 

Over  1  inch per  cent. 

*  inch  t  o  1  inch do... 

I  inch  to  ^  inch do... 

Under  J  inch do. . . 

Average  diameter inch. 

Duration  of  test .hours. 

Heating  value  of  coal B.  t.  u.  per  pound  dry  coal. 

Force  of  draft: 

Under  stack  damx>er inch  water. 

Above  fire do... 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour do. . . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. 

Water  evaporated  from  and  at  212*  F.: 

Per  pound  of  coal  as  fired do . . . 

Per  pound  of  dry  coal do. . . 

Per  pound  of  Combustible do . . . 

Efficiency  of  boiler,  Including  grate per  cent. 

Coal  as  fired: 

Per  indicated  horsepower  hour ^ pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  coal: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


37.9 
15.8 
14.5 
31.8 
0.89 
9.47 
12.8t)5 

0.81 

.19 

22.32 

3.99 

111.8 

7.20 

8.07 
8.95 
11.39 
67.18 

3.20 
4.03 

3.16 
3.90 


COKING  TEST. 

Georgia  No.  1. 

TeU  17S. — Size  as  shipped,  1 J  inches  and  larger;  as  used,  raw,  finely  crushed.  Dura- 
tion of  test,  58  hours;  coal  charged,  12,180  pounds;  coke  produced,  8,100  pounds,  66.50 
percent;  breeze  produced,  549  pounds,  4.51  percent;  total  yield,  71.01  percent. 
Poor,  dense  coke.  Large  pieces  of  irregular  size.  Washing  would  probably  improve 
and  make  fair  grade  of  coke. 

Analyses. 


Coal.      Coke. 


Moisture 3.35  I  0.45 

Volatile  matter 10.54  .35 

Fixed  carbon GO .  07  i  8 1 .  09 

Ash 14.04  I  17.51 

Sulphur I  1.29  1.00 


ILLINOIS. 
IlililNOIS  NO.  7.0 

Screened  nut  coal  from  a  mine  near  Collinsville  was  designated 
Illinois  No.  7  E,  and  was  used  in  steaming  test  516  and  briquetting 
test  244t. 

a  For  other  testa  of  coal  from  thio  mine,  made  during  1905,  see  Bull.  U.  S.  Gcol.  Survey  No.  290,  1900, 
pp.  SZ-^O. 
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REPUBT    U,   S.    FUEL-TESTIKG    PLAKT^   WOd-'L 


CHEMICAL  AHALYBES. 
UlLnoia  No.  7  E. 


BriqiBt- 
ting  test    ' 

t«itj£Ui.« 

Brlqwt^ 
litig  tc^t 

14^ 

3,7a 

ao9 

^84 

.91 

43a 

ajT 

\'oJiitii(?  matter. .  — . . 

Carbon 

3S(,4S 

Fltt'd  cHftion ^^, 

Nitrogen,...  _.  .-,.^ 

,83 

Aeh     .........„_.., 

Oxvfflpn 

5.rt7 

^lUphur 

Afi&          ,        ..      ,.. 

Z^IKf 

fSujphiir , .... 

&4S 

1 

b  lloxluuite  iiEmlyfis  of  ftiel  lis  d?<^Ivd«J;  ultimate  aiiiiLyKli  OSLdiy  It^AU, 

STEAimrG  TEST. 

llliiiififl  Ni+.  7  K. 


I  Inch  to  1  tiitH  . , , , ..  ft*»*p,..»i..i,-,.a.p,^.  ,*^  ^ .   . . do  . 

J  iTwh  to  I  inch  _,.,„.;..,..,.^-..._.,i.....i-.., „,,..,.. ,.,. ,,,,,,.. tlo.. 

Trider  J  iiioh  _ , . » ^ . . ^ .  _ . .  _ .  -^ ,  ^^ . .  „ . ,  ^ ., ,  ^^,^^^4- » *  *  ,i.*^^*v  .»*-.#-.^*s^. ,  ,x»«^  ,,do, , 

Avemg?  dburuEFUir „. .-^^,.^,.-.- p.,^,,.,.^ ^„,-p,A...,[iKdi 

DiirftUon  of  ttt^t  ,  ,*.,..,-,„,.*,,.,„,*_„„.„,,,,..*,,»***., ^^*,»,,^,**,^  ,,,„.,,*^,liouri 

Uf^iitin^  VEiiiie  ol  coaI. .._..-. >, ...j,.^ ...... B*t«  u. perpoand  dry coiil 

Fofcs^  ordranr 

U mlnr  ataclL  djimp^r ,,.»...... ....,.., , , ,  ^ . .  „ .  _ ,  loch  wAler, 

Abovfifltii. . . ,M.. , . , .., iTT ^-p.., do*  * 

In  ftsh  pit  ^.,,.^^^...^.*.,*,^. _*,„,_ ,»__,_._.. ... ^-.,^..^_^ ^,-^- 

Dry  cohI  Uiied  per  gqimro  foot  i»f  gmte  surliAce  wr bour pcmnds 

Eqiii Vi^l^^nt  walf^r  evaporated  ji^r  aQiiftPP  loot  of  WHtftf-lioutirg  surface  per  Tioiir . . .  .do^  * 

Ft?rt:<'utngt?  of  ratod  hor,Hf*jKvw<^r  of  boiip  r  iJi'v  eloped .....  — . . 

W jitf r  iippu HAtitly  t) Vii jKj r jitfd  p ^r  pou dd  or L'ouJ  lis  fln -d .--, ,„„^^,,,„,, ptMiudu , . 

Wtttor  i?^vapomtc<l  from  and  at  212*  F,- 

Fnf  pound  nlf!oiilH3  fin^d,-, .,.. ,.,,. ,. ,^, ....,.., *,,,,., do. 

Per  pound  of  dry  coal, ...........  ^-  _.  ^ ...  ^ .  ^_^ . ^ ^ ^^- . . . .  ^.-^^ . . .  >^  ^do^. . . 

Ppr  poimd  of  <*onibu»tibh? ^ , ^. ., , .do,, . 

EfBclenoy  of  boiler,  including  grate,  * ,  ^ , . . , , ■ ,  ■^ .-.per  cent . 

CoH.1  a»  firrd; 

Pur  Indicated  hoiii^poweir  hour, . . , , , ,  _  .^ , . ... ,...,_.. poiindfl, 

Ppr  fLi^tricai  horsepower  hour. . . , , , , ,,...,,...,, do . . . 

Dryooftl: 

ViiT  Indicated  honwpow^T  hour. . .  ^ .do. . . 

pL^f  electrltiiij,  hot^'powwr  hour,,,,,,,,.., ^.^ ,,,., ,do.,,^ 


Ttst  Alii. 


4.5 

24,7 

15,1 

IM 

0,87 
,13 

.Jl 
SI, Off 
3.  TO 

ia^.7 

1.09 

4.9iS 
5.70 
S.31 

S4.3B 

5.71 
7.  OS 

a. 03 


BBIQUETTING  TEST. 

Illinois  No.  7  E  (slack). 

Test  244^. — Size  as  used:  Over  J  inch,  1.5  per  cent;  yV  inch  to  \  inch,  6.6  percent; 
^^  inch  to  jV  inch,  14.2  per  cent;  ^^  inch  to  ^V  inch,  22.0 per  cent;  through  :fV  inch,  55.7 
per  cent.  Briquets  with  8  per  cent  binder  were  satisfactory,  were  easily  handled  from 
the  machine  without  breaking,  and  became  very  hard  when  cold;  fracture  was  rough 
and  edges  easily  crumbled,  owing  to  excessive  amount  of  clay  present;  outer  surfaces 
smooth,  with  dull  color.     For  analyses  of  briquets  see  top  of  this  page  . 


Details  of  manufac.ure: 

Machine  used Renf . 

Temperature  of  briquets °F . .  167 

Binfier 

Kind w.  g.  p. 

Laboratory  No. (see  p.  4<J) 4806 

Amount percent..  8 

Weight  of— 

Fuel  briquetted pounds..  12.000 

Briquets,  average do 0. 472 

Heat  value  per  pound- 
Fuel  as  received B.  t.  u. .  8. 797 

Fuel  as  fired do. . . .  10.021 

Binder do. . . .  16, 8()4 


Drop  test  (1-iuch  screen): 

lleld per  cent. 

Passed do. . . 

Tumbler  test  (1-inch  screen): 

Held do... 

Passed  (fines) do. . . 

P^nes  through  10-mesh  sieve do. . . 

Water  absorption: 

In  10  days do. . . 

Average  for  first  3  days do. . . 

Specific  gravity  (apparent) 


63.5 
36.. 5 

87.5 
12.5 
97.2 

7.4 

1.9 

1.257 


TESTS — ^IliLINOIS. 
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Extraction  analyses. 


Pitch. 


Fuel. 


Briquets, 
lest  244t. 


Laboratory  No |         4806  4760 

Air-drying  loss per  cent. . ! 10. 60 

Extracted  by  CSt:  j  | 

Air  dried do... 47  I 

Asreoeived do I       96.90  .42  ; 

Pitch  in  briquets,  as  received do ! 


4928 
1.70 


8.24 
8.09 


iLiiiNois  :so.  9. a 
Bituminous  slack  coal  from  a  mine  near  Staunton  was  designated 
Dlinois  No.  9  C.     One  carload,  shipped  uninspected,  was  used  in 
steaming  tests  (on  briquets)  492  and  497  and  briquetting  tests  189, 
190,  233,  and  234t. 

CHEMICAL  ANALYSES. 
Illinois  No.  9  C. 


Car 
sample. 


Steaming  tests. a 


492. 


Briquet- 
ting  test 
497.  234t.b 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon 


Ash. 


Sulphur  . . . 
Ultimate: 
Hydrogen. 

Carbon 

Nitrogen.. 

Oxygen 

Ash. 


4247 

laao 

15.26  ' 
28.57  ; 
40.83  : 
15.35  ' 
3.81 

5.22 
53.95 

.82  ! 
20.85  i 


14.62 
32.38 
39.13 
13.87 
3.51 


Sulphur 

Calorific  value  (as  received): 

Determined 


4.33 

65.67 

.88 

8.77 
16.24 

4.11 


J  calories. . 
iB.t.  u.. 


Calculated  from  ultimate  analysis. {B**t^u^" '  j 


5,439 
9,790 
5,344 
9,619 


4473 
15.10 

17.43 : 

28.98  i 

39.99  : 
13.60  I 

3.30 

4.31  ' 
66.29 
.99 

7.94 
16.47 

4.00 

5,524  ! 
9,943  I 


4874 
3.10 

5.43 
33.55 
47.63 
13.39 

3.52 

4.44 

68.44 

.94 

8.30 
14.16 

3.72 

6,507 
11,713 


a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
b  Proximate  analysis  of  fuel  as  received;  ultimate  analysis  on  dry  basis. 

STEAMING  TESTS. 
Illinois  No.  9  C  (English  briquets). 


Test  492. ;  Test  497, 


Duration  of  test hours. 

Heating  value  of  fuel B.  t.  u.  per  pound  dry  fuel. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do . . . 

In  ash  pit do... 

Furnace  temperature «F. 

Dry  fuel  used  per  square  foot  of  grate  surface  per  hour .pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating   surface    per 

hour pounds . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  fuel  as  fired pounds. 

Water  evaporated  from  and  at  212°  F.: 

Per  pound  of  fuel  as  fired do. . . 

Per  pound  of  dry  fuel do. . . 

Per  pound  of  combustible do. . . 

Efiicienev  of  boiler,  including  grate  (item  73) per  cent. 

Fuel  as  nred: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  fuel: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


10.00 
12,037 

0.91 
.05  ■ 
.16  ; 


9.38 
12,042 


0.84 
.18 


22.52 

3.50 
98.2 
5.51 

&65 
7.79 
9.37 
62.50 

4.25 
5.25 

3.63 

4.48  , 


2,605 
19.75 

3.06 
85.9 
5.32 

6.42 
7.77 
9.49 
62.31 

4.40 
5.44 

3.64 
4.49 


aFor  Other  testn  of  WMd  from  this  mine  (Illinois  No.  9  A  and  Illinois  No.  9  B ) ,  made  during  1905,  see 
BolL  U.  8.  Qsoi.  Survey  No.  290, 1906,  pp.  63-66. 
19698,  Bull.  No.  332—08 6 


r 
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HEPOBT   U.   S.   FUEX^ TESTING  PLAHT,   1906-7. 


h 


BeTJiarh. — Forc^J  draft  was  need  in  li?^  492  (on  Englieh  briquets  iiiarlo  in  te^ei 
and  natuTul  draft  in  toet  497  (briquotling  test  190  l  Briquets  were  hum*^d  whole  in 
both  teste,  but  did  not  bum  well  with  natuml  draft;  4,3  per  cent  black  emoke.  Test 
492  made  51  per  cent  clinker;  tt*st  li>7  niatle  30  per  cent  f*l inker* 

BEItitlETTING  TESTS. 

lUinaiii  No.  9  C  (slack), 

Ti^sU  iSB,  190,  £SS,  fS4,— Size  as  used:  Over  J  inch,  0,4  per  cent;  ^  inch  to  {  inch. 
3  J  per  cent;  gfj  inch  to  ^  inch,  14.4  per  centj  ^\  inch  to  ^V  W"^h,  25 J  pw  cent; 
thifliAgh  1^  inch,  56,2  per  cent*  Briquets  with  6  and  7  per  cent  binder  were  mti^ 
fact^ir>^  having  Iwrd  surface  but  rough  fracture  without  crumbling;  out*^r  surface  of 
Renfrnw  hriquots  soft,  although  they  stocKl  handling  from  machine;  fracture  cnuubly 
but  briquetJ^  tough.  This  ctml  rt^quiroiii  high  prespurc  to  make  pmd  briquet^..  Fur 
analysei^  of  briquetj^  ^ec  page  81  (briqu&tfi  from  test  189  under  **  Steaming  test  492," 
from  test  190  under  *' Steaming  test  497  ")■ 


I 


Dfiail*  of  mwtmfiictuT« : 

MochLne'Used.,. .,.,,.,,..,,, ^... ,...,. ^^,.  .-.^...:^. 

Tt^miK'nitiiTit*  of  Urlqueta^.,, -^. . ^_t._ , „_.,.,,„ . ,,, „*F, . 
Bintfer— 

KJtid , ,„. ,„. ., 

Laliofiuory  No. (seep. ttK -..,,, —^i.-^ 

,\niuunt, .-.--^-..,,^.i_  ...peroent,- 

WeiKbt  of— 

FupI  briqnfttwl ,..,. «,.. .,,..,. .pouod^. 

Bilmipta,  ftvemge**,.,.,.,....,.^ dfl— , 

Has  I  viUn^  p<*rpoi3jid— 

Fut'l  n!i  recti vml _,.,_,„, ,,,,.*..,.,. B*t,tl. . 

Fu*4  ti«i  fin'd,.._,. do.-,. 

Hinder. ,...,,.,,,,.,.,, ,.,.._ do..,, 

Drop  Watt  (I4nch  »creerDK 

1  Md  .........._.,„,,.„,,„,..._, .  „ .  ,p*r  cent . . 

Piissaed, ., .......do.,-. 

Tuinbl»?r  test  Cl*liith  0r?re(m); 

Il+ld , .-._.. do. „ 

l*it89^d  (flnffli) .,,,,_.,,_, ,  _,^, ,  .,,,,,...,,„.,.,,. .  .d*J. , , . 

Fmt'.t  through  ]Q-mc«h  al^vc. do,-.. 

Wwithering  tost: 

Timt-  eipf*^! ' - -....-.... ,  .diijft- . 

Condition.................... ,.,.,, ^_ , .,,. 

WiitfT  nbsorptltm: 

In  19  dflj^a  „..,.*...,.,,.,...., ,,.„.,,„,, per  CfiiOt.. 

In  13  days . . , ..„ .do 

Average  for  fimt  3  days.*, ,..^, ,,,,,,.. ,,,.,_ do 

Speclfb  grftvlty  iappafcm) - , , . .,..-. . . . . ,.. . 


Tertiw, 


"% 


w.g,  p, 

4541 

10,27G 

77.2 
NO.  3 

B 
S.4 


T«mfiO,   Tet(t2SL  T«^2Mt. 


L67 


a  No  test. 
Extraction  analyses. 


ff.  ^H  p. 

4M3 

7 

12,000  I 
3,73 

sr.o  ■ 

4i  u 


HenJ. 
liO 


0.448 

iA,sd4 : 

54.A 
15.5 


'  4m  ^        mt^ 


9,7W 
11, 71 a 
l6t8M 

35.5 


7^2 
33,8 
SI,  4 

ft    , 

»7,5 
12,5 
(>3.5 

8^5 

fl    ....,...,. 

13.0    .  . 

10.2 
L0» 

9,1 

2,03 
1.134 

a;  IT 

Laboratory  No 

Air-dning  loss por e^^nt . 

Extracted  by  CS,: 

Air-dried do... 

As  received do. . . 

Pitch  in  briquets,  as  rweived do. . . 


Pitches. 


Briquets. 
Tost  18P.    Test  190.   Test 234+. 


Fuel. 


4247 

u.  ;:o 


.73 
.63 


4406 
12.30 

7.18 

5.75 


4473 
15. 10 


6.18  I 
5.50 


4874 
3.10 

9.71 
9.41 
9.12 


TESTS — ILLINOIS. 
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IlililJSrOIS  NO.  12. a 


Bituminous  coal  from  Bush,  Williamson  County,  designated  Illinois 
No.  12  B,  was  No.  5  washed,  and  this  sample  was  shipped  uninspected 
and  used  washed  in  steaming  test  463  (on  briquets)  and  briquetting 
tests  166*,  177*t,  and  181*. 


CHEMICAL  ANALYSES. 
Illinois  No.  12  B. 


Car  samples,  washed. 


SteAming 
test  463.0 


Briquetting  tests. 6 
177*t-  1«1*. 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

•        Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon  

Nitr(^[en 

^^".•.■.■.::::::::::::::::::::;::::: 

Sulphur 

Calorific  value  (as  received) : 

Determined {fl^t"^ 

Calculated    from    ultimate  (calories., 
analysis iB.  t.  u. 


4201 
13.30 

15.87 
28.19 
46.42 
9.52 
2.34 

5.60 
59.66 

1.06 
21.82 


5,991 
10,784 

5,862 
10,552 


3907 
9.00 

12.61 
30.08 
46.81 
10.50 
2.37 

5.37 

62.15 

.93 

1&6S 


6,148 
11,066 

6,119 
11,014 


4085 
12.40 

15.31 
28.93 
45.29 
10.47 
2.32 

5.61 
59.88 

1.04 
20.68 


I 


4228 

6.99 

5.57 

-).  78 

32.36 

32.38 

:>2.  62 

50.24 

50.96 

49.80 

10.41 

11.09 

11.80 

2.41 

2.41 

2.58 

4.49 

4.20  , 

4.59 

72. 03 

70.09 

71.48 

1.09 

1.11 

1.09 

8.61 

10.28 

7.57 

11.19 

11.77 

12.  53 

2.50 

2.55 

2.74 

6,011 
10,820 

5,9:^2 
10,693  ! 


I 


a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
*  Pro:dmate  analysis  of  fuel  as  received;  ultimate  analysis  on  dry  basis. 

STEAMING   TEST. 

Illinois  No.  12  B  (Renfrow  briquet.s.) 


Test  463. 


Duration  of  test hours . .  10. 03 

Heating  value  of  fuel B.  t.  u.  per  pound  dry  fuel..'  12,859 

Force  of  draft  witi^  reference  to  atmospheric  pressure : 

Under  stack  damper inch  water. .  0. 81 

Above  fire do .11 

Furnace  temperature ''F . .  2 ,  490 

Dry  fuel  used  per  square  foot  of  grate'  surface  per  hour pounds. .  18. 67 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour do 3. 20 

Percentage  of  rated  horsepower  of  boiler  developed i  89. 7 

Water  apparently  evaporated  per  pound  of  fuel  as  fired pounds. .  6. 61 

Water  evaporated  from  and  at  212  <>F:  ' 

Per  pound  of  fuel  as  fired do 7. 98 

Per  pound  of  dry  fuel do....  8.58 

Per  pound  of  combustible do —  9. 84 

Efficiency  of  boiler,  including  grate per  cent . .  64. 44 

Fuel  as  fired: 

Per  indicated  horsepower  hour pounds . .  3. 54 

Per  electrical  horsepower  hour do —  4. 37 

Dry  fuel: 

Per  indicated  horsepower  hour do —  3. 30 

Per  electrical  horsepower  hour do  —  4. 07 


«For  other  tests  of  coal  from  this  mine,  made  during  1905,  see  Bull.  I'.  S.  Geoi.  Survey  No.  290, 1906, 
pp.  74-76. 


BEPOST   U;   S,    FUEL- TESTING    PLANT,    lft06-7. 

Rtmnrkfi. — Test  4fl3  made  on  briquets  from  test  16fi*.  Burned  slowly  with  short 
flame  and  hat.  ]ml:  h  jM?r  cent  blac^k  acmoke;  41  per  cent  ciinkor.  dark-gray  colur^ 
Btut^k  In  grate.  Aah  contained  fine  mihurned  coal  due  tt)  breaking  up  of  fuel  dining 
combustion . 

BBK^UETTINO  TESTS. 

UUnoiB  No.  12  B  (washed). 

Titts  166^,  J7T*t.  181*.— BiE^  as  shipped:  N\k  5.  Size  as  used:  Over  }  inch,  0.2 
per  centi  ^  inch  tf»  |  inch,  3.4  pet  cent;  J^  inch  to  ^^  inch,  15.2  p^r  cent;  jt^  inch 
to  ^  inch,  24.4  per  cent;  through  ^^  itieh,  50.8  iK?r  cent.  For  analysses  of  briquets 
see  page  83.  Analysis  of  briquets  frrmi  teist  10(1*  given  under  'Steaming  te*it  463." 
Excellent  English  briquets  made  with  0.25  per  cent  hinder  and  Uenfrow  briquets 
with  7  per  cent  binder.  Briquotn  easily  handled  when  wann,  although  sfime  tliffi- 
culty  was  experien^'cd  in  piling  Renirow^  briquete,  which  stuck  together  owing  to 
low  melting  point  of  binder.  Surfat^^  of  all  briquets  were  hard  and  emootli,  with 
rough,  clean  fraf^ture  mid  aliarp  edges. 


DeUHfi  of  tiiutiutacturtj: 

Mftt'li iTie  I l^^p(l ....... .,., p^, ^» * ,,,, ^ ^, ..,,,„,■.. , » 

IVmnerut  Lift!  oj  liHqUDrtii. . , , . . .  ^.^., .-  -. - , ,  .*  F.  -, 

Biticfpr- 

Kind....  „......,....„. , _ 

laboratory  No,  (ieop.  *|}..-., .„-,.-.. .^,^-.-..,^^-^^....  .*,.** 

Amount.,. ...  —  ,...„. ,.„,,. ..per^wut.. 

WftlMit  of- 

Fuel  liHquetted . . , , . .,_.,,. ..—,., |M)mim1«.  , 

Briquets,  avoragp. « , . ,  ■^^  -._ . , .  ,^-  ^.^^ . . ..  .ilo, , , , 

Heat  vjUejo  {u^r  |potmtj.— 

Ftw^l  iis  ref^fiviMi.....^....^.^ ._. .^.-.. D*  t^  u.. 

Ftiel  iia  flrtKl ..,.,., ,,,_,,,. .  .,,,,*„, .,..,.,. , .,,,,,, . , , .  ,iio. . . . 

Bloder. . ......do.... 

Drop  test  (]-]neh  jsoroen,): 

Held. . , „ perceDt.. 

Passed.. -.... ._..,..^.„,^. «,,,,,,,  „„,,,, ,._,„...do,-r. 

Tumljler  twt  (l-itjch  scrocn): 

Ildd....... , ., ,., ...,.,.„.,,„(io.... 

F'tt?!jiwl  (flnw} . , do. . . 

Fineia  througli  10-mesh  alevo,...^... ..,^ ,,, ^do--, 

Weatberiiig  tp»t : 

Timo  exposed, , , ,,,.,........„,. , „ dfrfs. 

Condli  ion , . 

Water  absorption: 

la  W  tlHTs .p*r  cent. 

Average  for  flrst  1  day*,,.,,.. ,.....,, *.,.-...-■....-..-...-. -.-.do,. . 
SpcolOe  gravity  ("vrparwril  )*.... , . 


■y 


mn-         ***** 


Eng, 


w,  g, 


100,000 
0.103 

10,7S4 

17,000 

60.5 

33.a| 
ie.5  ' 

90.5^ 

B. 
13.3 

L074  « 4 

1 


mi 

5U0OO 
3.60 

12,  1.5d 
10,909 

85.1 
11.9 

S*.& 
15.5 
78,3 

12 
A. 

1.0Q 
I  LlOl 


iU 

7 

53.000 
0.43a 

10,7SI 
12,070 
10,969 

05.5 

S4.0 
16.0 
90.0 

19 

1.041 


&< rar/  io n  ana hjses . 


Laboratory  No. 


Air-drying  loss per  cent. 

Extracted  by  CSj: 

Air  dried do. . . 

As  received do. . . 

Pitch  in  briquets,  as  received do. . . 


Pitches. 


4543 


99.66 


Fuel.     I 


Briquets. 


Test  166*. 


4228 
4.10 


.02 


6.54 
6.27 
6.40 


Test 

i77n. 

Test  181*. 



6.35 
6.35 

6.05 
6.05 

TESTS — ILLINOIS. 
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llililNOIS  NO.   lO.a 

Bituminous  coal  from  bed  No.  7  at  Zeigler,  Franklin  County,  was 
designated  Illinois  No.  19.  The  coal,  as  worked  at  a  depth  of  420 
feet  at  this  place,  averages  6  feet  9  inches  in  thickness. 

Three  samples  were  shipped  under  the  supervision  of  John  W. 
Groves,  as  follows:  Illinois  No.  19  C  consisted  of  run-of-mine  coal, 
and  was  used  in  steaming  tests  420  and  423  and  producer-gas  tests 
128.  Illinois  No.  19  D  consisted  of  lump  coal  over  a  6-inch  shaking 
screen  and  was  used  in  steaming  tests  424  and  425.  Illinois  No. 
19  E  consisted  of  screenings  through  a  IJ-inch  shaking  screen  and 
was  used  in  steaming  tests  421  and  422. 

One  mine  sample  (No.  3408)  was  taken  for  chemical  analysis 
1,500  feet  southwest  of  the  shaft,  where  the  coal  measured  11  feet  2 
inches  in  thickness. 

CHEMICAL  ANALYSES. 

Illinois  No.  19. 


Mine 

C 

423. 

Steaming  tests.a 

D. 

I 

420. 

424. 

425. 

42,. 

42-J. 

Laboratory  No 

3406 

9.65 
30.87 
53.23 

6.25 
.45 

Proximate: 

Moisture 

8.72 

28.41 

50.68 

12.29 

.63 

4.64 
71.08 
1.56 
8.57 
13.46 
.69 

9.42 
28.05 
50.72 
11.81 
.61 

4.67 
71.44 
1.57 
8.61 
13.04 
.67 

8.45 

29.1)6 

50.24 

11.66 

.53 

4.12 
70.23 

1.50 

10.74 

12.  74 

.58 

a  51 

30.27 

49.85 

11.37 

.51 

4.13 
70.51 

1.60 

10.77 

12.43 

.56 

9.22 
29.28 
50.25 
11.25 
.59 

4.13 
70.47 

1.60 

10. 76 

12.39 

.65 

0  75 

Volatile  matter 

''8  45 

Fixed  carbon t 

50  67 

Ash 

11  13 

Sulphur 

61 

Ultimate: 

Hydrogen 

4  1:, 

Carbon 

71  48 

Nitrogen ■ 

1  58 

Oxvcren 

0  80 

Ash^...:::;::::::.::::::: 

1'  .T< 

Sulphur.. 

(>S 

a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 

STEAMINO  TESTS. 

Illinois  No.  19. 


Size  as  shipped 

Size  as  used: 

O  ver  1  inch per  cent . , 

i inch  to  linch do..., 

tinch  to  i  inch do ... . 
nder  J  inch do. . . . 

Average  diameter inch.. 

Duration  of  test hours. 

Heating  value  of  coal,  B.  t.  u.  per  pound 

dry  coal 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do. . . . 


C. 


D. 


E. 


Test  420.    Test  423.    Test  424.    Test  425.    Test  421.    Test  422. 


20.2 
24.2 
19.1 
36.5 
0.66 
10.03 

12,431 

0.65 
.12 


r.  o.  m.  ;  No.      6     No.      6 
i    lump.        lump. 


I 


No. 
nut. 


No. 
nut. 


15.8 
19.5  I 
18.3 
46.4 
0.57  ' 
10.03  ' 


23.9 
24.5 
18.7 
32.9 
0.71 
10.0 


12,496  I      12,416 


0.59 
.14 


0.64 
.12 


37.9 

18.0 

27.4 

45.9 

15.0 

16.6 

19.7 

19.5 

0.91 

0.78 

10.00 

10.0 

12.460 

12,454 

0.65 
14 


0.  66 
11 


14.4 
44.0 
17.8 
2:^.  8 
0.72 
10.07 

1J..=>7S 

0.  r.2 

.1.7 


«  Por  other  testa  of  ooal  from  this  mine,  made  during  1905.  sec  Bull.  V.  S.  Geol.  Survey  No.  :i9o.  1006, 
pp.  91-W. 
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BEPORT   V.   B.   FUEL-TESTING  PLANT,  1906-t, 

STEAMING  TESTS— Continued. 
Illinoifl  No.  19. 


C 


Dry  CQ^  used  pfir  squan)  foot  of  gTAie 

iorfttcie  ptT  Jiour ,  „ pounds, . , 

Equlvtilpnt  water  ovikporatod  p^i  vqu^re 
foot  iif  Wilt et-heat tag  surfaiee  per  hour, 

pounds. ,..«... ^...^.. 

FereiMitagi?  of  fated  horsepower  of  l-*oilur 

developed  * .  * ,,,,.*,_.,.,**., 

Waller  an pftfentlj^  f?vupomted  iH«r  pound 

of  coiifus  flrwd jptDimdfl- 

Wflt^'revaponiteU  fi-oiii  und  litSia^  F- 
iVr  pound  of  cnj».L  us  fired . .  .pounds . 

ppr  pound  of  diy  i?oa.l*  — , . , . .  do 

Pef  pound  oJ  conibuBttblo .  *  ^ .  .do 

Kfritktipy    of   Itchiler,    in<!ludlng   grate, 

pf^r  cent , , » ^ ^ , 

Ctisil  SIS  Jlret]: 

Per     indlout^ed     horsBpowBr     hour, 

pouinig , _  _ , , 

Per  plwtricftli  tionepower  hour, 
poUTldft ,  ,,..,.**.  ^ ,.  - ^ ..,-,,., , 

Per  Ludicuted  liorvopower  liouf, 
poands  ._^,._...............^..,„, 

l>r  electrical  hoisepower  Isoiifi 
pounds „ 


Tut  43a.  Tent  423.   T«iit  4£4.    T«0t  4^. 


93. !» 
&61 
7,67 

a.  40 
10,  fm 

4.55 

lie 


I 


2.BB 

7,73 
8.  S3 
10,12 

66.93 
4  S2 
400 


mff7 

mt  i 

ATS 
7.81 
10.  in 

417 

4(10 


19.33 
3.32 

a.7B 

7.S7 
10.09 
A173 

a.  a 

4  44 
4€fc6 


Ti:iit42L  Te«t422. 


1^46 

3.30 
D2.5 
1x03 
7.70 

ftS.76 
3.6(7 

4.'a  I 
:i^ 

412 


19.46 

95,0 

6.78 

7,  MS 
&73 
10.30 


441} 

3.24 
4€0 


PKODOCEB-GAS  TEST. 

niinoiB  Na,  li*  C  (run  of  mine;. 

Test  128. — Duration  of  test,  50  hours;  average  electrical  horsepower,  141.0;  average 
B.  t.  u.  per  cubic  foot  of  gas,  137.8;  total  coal  fired,  14,400  pounds. 


Coal  consumed  in  producer  per  horsepower  hour  (pounds). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commerciallv  available 

Developed  at  engine 


EquivcUent  used  by  producer  plant  (pounds). 


Per  electrical  horsepower: 
Commercially  available . 

Developed  at  switchboard . . 

Per  brake  horespower: 

Commercially  available. 
Developed  at  engine 


Coal  as 
fired. 

Dry 
coal. 

Combus- 
tible. 

2.20 
2.04 

1.98 
1.84 

1.76 
1.64 

1.87 
1.74 

1.68 
1.57 

1.49 
1.39 

2.40 
2.23 

2.16 
2.01 

1.92 
1.78 

2.04 
1.90 

1.84 
1.71 

1.63 
1.52 

Analyses. 


CoaL 


Moisture .• 9. 82 

Volatile  matter 29. 04 

Fixed  carbon 50. 34 

Ash , 10.  20 

Sulphur 49 


Gas  by  volume. 


Carbon  dioxide  (COs) 11.6 

Carbon  monoxide  (CO) 16. 8 

Hydrogen  (Hj) 16. 5 

Methane  (CH4) 1.9 

Nitrogen  (Nj) 52. 9 

Ethylene  (CjH4) 3 


TESTS — ILLINOIS. 
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LLIilKOIS  NO.  20. 

Bituminous  coal  from  Staunton,  Macoupin  County,  on  the  Litch- 
field and  Madison  Railroad,  was  designated  Illinois  No.  20. 

This  sample  consisted  of  screenings,  and  was  shipped  by  the  oper- 
ator, primarily  for  washing  tests.  It  was  used  in  steaming  tests 
(washed  coal)  292,  301,  and  302;  washing  test  142;  coking  tests  106 
(raw)  and  107  (washed);  and  mixed  with  Kentucky  No.  2  B  (coke 
breeze,  see  p.  159)  iq  briquetting  tests  103  and  104. 

CHEMICAL  ANALYSES. 

Illinois  No.  20. 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Ash 

Sulphur 

Calorific  value  (as  received) : 

Determined l^t.'^iK.:: 

Calculated  from  ultimate  analysis {S^t."u^  * 


Car 
sample. 


2731 
12.40 

14.68 
31.32 
40.32 
13.68 
3.88 

5.41 
55.21 

1.00 
20.82 


5,585 
10,053 
5,517 
9,931 


Steaming  tests.o 


14.52 
31.98 
38.01 
15.49 
4.32 

4.28 
62.69 

1.14 

8.82 
18.12 

5.a5 


301. 


16.51 
32.17 
40.87 
10.45 
3.25 

4.66 
08.11 

1.23 

9.60 
12.51 

3.89 


302. 


16. 36 
33.54 
39.84 
10.26 
3.22 

4.68 
68.34 

1.23 
'9.63 
12.27 

3.85 


o  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 

STEAMING  TESTS. 

Illinois  No.  20  (washed  screenings). 


Size  as  used: 

Over  1  inch per  cent . . 

i  inch  to  1  inch do 

i  inch  to  i  inch do 

Under  J  inch do 

Duration  of  test hours. . 

Kind  of  grate 

Heating  value  of  coal B.  t.  u.  per  pound  dry  coal. . 

Force  oi  draft:  , 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temperature °F. . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds . . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface 
per  hour pounds . . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evai>orated  per  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212^  F.: 

Per  pound  of  coal  as  fired do 

Per  pound  of  dry  coal , do — 

Per  i>ound  of  combustible do 

Efiiciencv  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do — 

Per  electrleal  horsepower  hour do 


Test  292.  I  Test  301.    Test  302. 


20.1 
22.9 
18.7 
38.3 
9.8 


11,425 

0..53 

.10 

2,020 

15.49 

2.37 
66.3 
5.47 

6.55 ; 

7.m  ! 
9.61  I 
64.75 

4.32  ! 

5.33  j 

.3.69  ! 
4..%  s 


17.1 
27.7 
23.7 
31.5 
9.95 
Rocking. 
12,50(i 

Q..57 
.30 


24.61 

3.54 
99.3 
5.57 

6.71 
8.04 
9.43 
62.08 

4.22 
5.20 

3. 52 


28. 1 
21.9 
27.5 
9. 02 
Rooking. 
12,.'4.S 

0.  r>:i 

.17 
2,708 
2.1.  69 

3.81 
106.7 
5.  74 

6.91 
8.27 
9.57 
63.65 

4.09 
5.05 

3.42 


BEPOET   V.    B.    Fr EL-TESTING   PLANT,   LSKKJ-T. 


W&SHIIT&  AHB  COKEFB  TSSTS. 

nihtui^  NtJ.  20  (BiTfH'iiitigt?), 

Woithing  tf«t  /^?.— Jig  iifti^l,  Stewart.     Raw  vtml,  53.280  p<>unda:  waabeil,  57^000 
pcvunds:  rr*fiisi^  B,280  pounds. 


SIeo  as  UHMl ..^^^^. ._... .^ , ...._,, ,. 

Duration  of  test., -.._.„., -....,„,-,.,.,,. „,,...,.,,, ,...,......houri 

Coal  ghargpd „„ . . . ._^*_„,. , . .  —*.^-, . -..-_, .._.--». .,-,.,„..,. .poun^B 

Cokeprodm^-.. ...._..._.... ................_.... ^;^^ 

im^prcKliieKl .._.,._.... ||^?S^r! 

ToUlyHcl , .,.,,, _ ,... ..do.. 


Teit  106 

T««t  107 

(raw). 

{»>) 

tc 

Ic 

47 

% 

10,000 

10,000 

4,2!^ 

4,1*5^ 

4Z55 

4ti.5£t 

coa 

3$6 

ri,28 

3.08 

4S.83 

£0,57 

Rtwiiri:^. — Tc'Ht  10<>:  D\ill-gRiy  tolor;  tit^nj^^";  cruas  fraclurc  of  ix^ke  bad;  a^  and 
sulphur  vt'ry  high.  T<.'St  107:  I >ull -gray  color;  a  little  ilcptjsi led  rarl>on ;  ash  atid  sul- 
phur Dot  nmtprially  reduced  hy  washing;  physically  better  than  coke  froni  raw  cchulj 
percentagie  of  breeze  t^hows  lutgo  rednctinn. 


WiUiWngtfiitl42. 

CtHtlngtestlOeL 

C<>kiiiirt«slt07, 

WftBhed 

COfU. 

Coke, 

CoaO.        Coke. 

Uf^isUiTe ,._ ,„ , 

Vf)lotM«  matter . 

14.68 

40.33 
13.68 
3.88 

ICkSO 

17. « 

40.77 
B.OO 

3.aa 

0.S7 

.66 

82.49 

10.^ 

34.  fll                 .29 

FlKetl  carbon.  .,,.,„.„^,,,,„„,^,,,.„ 

42.a            84.i7 

A«h ..., 

ia2a 

8^40            14^31 

Sulphur. -,,,„,,..*.,_,,.^,,,,.,,.< ...... 

^^             ^73 

BRIQUETTING  TESTS. 
Illinois  No.  20  mixed  with  Kentucky  No.  2  B. 

Tests  103,  104. — Size  as  shipped,  breeze  through  1-inch  coke  fork  and  coal  screen- 
ings. Machine  used,  English.  Temperature  of  briquets,  179.6  °  F.  Kind  of  binder, 
coal-tar  pitch.  Amount  of  binder,  6  per  cent.  The  flowing  point  of  the  binder  used 
(laboratory  No.  2729)  was  255°  F.,  and  61.2  per  cent  of  the  sample  as  received  was 
extracted  by  CSj.  All  other  data  concerning  this  binder  were  lost  in  the  fire.  Weight 
of  fuel  briquetted,  2,000  pounds. 

Briquets  made  from  coke  breeze  with  20  per  cent,  33 J  per  cent,  and  47  per  cent  coal,. 
u$ing  6  per  cent  pitch,  were  easily  broken  in  handling:  coke  breeze  was  washed,  one- 
hali  used  wet  and  one-half  put  through  drier.  Briqtiete  made  with  dried  fuel  handled 
better  when  hot,  but  there  was  no  difference  in  the  two  briquets  when  cold.  Washed 
breeze  was  too  high  in  ash  for  satisfactory  fuel. 

These  briquets  were  used  in  a  preliminary  test  in  switching  locomotives.  Briquets 
with  20  per  cent  coal  Ijurned  too  slowly  for  switching  service.  Briquets  with  33|  per 
cent  coal  were  satisfactory  for  switching,  but  burned  too  slowly  for  freight  or  passenger 
service.     Briquets  with  47  per  cent  coal  were  satisfactory  for  all  services. 


TESTS — ILLINOIS. 
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IlililNOIS  NO.  21. 

Bituminous  coal  from  Troy,  Madison  County,  on  the  St.  Louis, 
Troy  and  Eastern  Railroad,  was  designated  Illinois  No.  21.  The 
coal  as  worked  at  a  depth  of  275  feet  at  this  place  averages  5  feet  in 
thickness. 

This  sample  which  was  taken  under  the  inspection  of  John  W. 
Groves,  consisted  of  lump  coal  over  a  21-inch  screen.  Five  40-ton 
cars  were  shipped  to  the  testing  plant,  three  of  which  were  sent  for 
an  endurance  test  on  the  producer  and  the  other  two  for  ei  complete 
series  of  tests,  as  follows:  Steaming  tests  315  and  316  (washed  coal) 
and  318  (on  briquets),  producer-gas  test  105,  washing  test  160,  coking 
tests  126  and  137  (washed  coal),  and  briquetting  test  113. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2771 
was  cut  800  feet  northwest  of  the  bottom  of  the  shaft,  where  the  coal 
measured  5  feet  8  inches  in  thickness.  Sample *^2770  was  cut  1,500 
feet  southeast  of  the  bottom  of  the  shaft,  where  the  coal  measured  4 
feet  1 1  inches  in  thickness.  ^ 

CHEMICAL  ANALYSES. 

Illinois  No.  21. 


Mine  samples. 


2770 
10.50 


-I 


15.23 
31.42 
44.32 
9.03 
1.59 


2771 
13.39 


Car  samples. 


Steaming  tests. o 


315. 


316. 


2852  I 
10.40 


17.79 
28.78 
42.34 
11.09 
1.40 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter 

Fixed  carbon... 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen , 

Oxygen 22.99  I 

Sulphur.. 
Calorific  value  (as  received) : 


2920 
8.20 


15.54 
31.26 
42.27 
10.93 
1.38 

5.50 

58.02 

1. 


15.30 

14.95 

15.07  i 

17.  ;n 

30.59 

30.33 

30.78  • 

m.  40 

43.40 

40.96 

41.90 

42.28 

10.71 

•    13.76 

12.25 

10.01 

1.43 

1.60 

1.27 

1.28 

4.39 

4.50 

4.41 

65.89 

67.62 

70.01 

1.23 

1.27 

1. 32 

10.43 

10.69 

10.61 

16.18 

14.42 

12.  10 

1.88 

1.50 

1.55 

Determined . 

Calculated  from] 
ultimate  anal- 
ysis 


/calories. . 
•jlB.t.u... 

.calories. . 
B.  t.  u... 


6,056 
10,901 


5,837  ! 
10,507 

5,655  I 
10,179 


i 


«  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
STEAMINO  TESTS. 


Illinois  No.  21  (lump). 


Size  as  used: 

Over  I  inch per  cent. 

i  inch  to  linch do... 

I  inch  to  i  inch do . . . 

Under  i  inch do... 


Test  315.   Test  316.    Test  318. 


34.0 
21.3  , 
18.1  ' 
26.6 


33.6 
20.6 
16.2 
29.6 


(") 


a  On  briquets  which  were  broken  in  two.    The  fuel  cracked  to  center  into  coke  fragments  and  held 
together  until  conramed.    Percentage  of  clinker  large. 
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8TEAJIIirG  TESTS— fVuilmued. 
lUiuob  No^  21  (lump). 


T«st  Uh. 


DuTfttlon  of  ittflt  - .... ,.,..,.... ,,.„„„.„„_ boun. . . 

HeAttng  voiiMj  of  f iid ....„., .....B*  t*  u.  par  pound  dry  Itiel.. 

Force  of  draft: 

Under  ^tack  damper ,^  „.,... . . .  > , trash  wmtet^  x 

Abovci  flrw^., ,_,__, ,„., .._., dc,  J 

Purnitc*  tempemtiiin?. .........................  ^ ..  *  ^* . . . . . .  .*F .  A 

Dry  fuel  11 W  per  sqijiiry  font  of  grute  surffloo  pt-r  hour „ pounds,  .j 

EquJT'alpnt  WDrtor  ovaporntcd  pfiT  square  foot  of  watei-htsatin^  fiiirfaoc 
per  hour. . . , .,,..„..... , .pounds. 

PpuMiitftgc  of  rated  horsepower  of  boiler  diwelopod. . .......  ^ .........  ^ 

WaUir  Apparemtly  evaporated  per  pound  of  Iwsl  as  fired . , , . , .  .pounds.  .^ 

Water  evaporati.Mi  from  and  at  212*  F*» 

Per  pound  of  foel  us  OriMl, , , , ,  „ , „ .  „d(j„, 

I*er  pound  of  dry  fuel. ,^ ^.,_^.,.^^,.^, .,_ dO.»* 

Pnrpounti  otcotabuetibUn ,,„.„„.-,..„_,_. ,.,,... do... 

Efneieoev'  of  hotleri  Lnclilding  grate.. ^^ ^ ..pnrcHnt, 

Fuel  as  Af  (kI  ; 

Per  indicated  horeexMJwer  hour.  ,.,..-,_..■,. .  ^.--- . , poiliulj^. 

Pnr  electiical  Imrstspowfir  hfltiT .. .  „ , , „._,„.  ,d«i* . . 

Dry  coal: 

Per  tndlcatiMJ  Uoriwpower  hour .,.,,.- ,.,... ., , , .  ,d<j. ,  * 

Per electrieal  horsepower  hour .^, . „^.,^, ,,„,-, i,,., . . -do,, . 


4468 
0.S3 

20.  OS 

3.77 
Ot.O 
S.7fi 

0.&4 

3.46 
42S 


TMtaia.  Tevtiis. 


o.m 

A5 

2,  mi 

20.  OS 

4tS 
a  16 

490 


12,«MI 

a7» 

.01 
3,  SOS 

411 

6,7S 

«.14 

t.  40 

63.04 

4SD 
&19 

3.17 
4» 


I 


1  Too  ihort  for  relt&ble  revultfl. 


PEODUCEB-QAS  TEST. 


lUmob  No.  21  (himph 


Test  /as.— Buration  of  teat,^  562  houra;  Jivorage  electrical  horsepower.  391.7;  aver- 
age B.  t.  u.  per  cubic  foot  of  gas,  156.1;  total  coal  fired,  208,350  pounds. 


'^^JD^H''^'" 


Coal  consumed  in  producer  per  horsepower  hour  (pounds). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


Equivalent  used  by  producer  plant  (pounds) . 


Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard . 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


2.04 
1.93 


1.73 
1.64 


2.18 
2.07 


1.85 
1.76 


1.74 
1.65 


1.47 
1.40 


1.86 
1.77 


1.58 
1.50 


1.50 
1.43 


1.28 
1.22 


1.61 
1.53 


1.37 
1.30 


Analyses. 


Coal. 


Moisture 14. 68 

Volatile  matter 30. 98 

Fixed  carbon 42. 93 

Ash 11.41 

Sulphur 1. 33 


(ras  by  volume. 


Carbon  dioxide  (COj) 9. 2 

Carbon  monoxide  (CO) 20. 9 

Hydrogen  (lU) 15. 6 

Methane  (CH4) 1.9 

Nitrogen  (Nj) 52. 0 

Ethvlene  (CjH^) 4 


a  See  p.  26. 
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WASHING  AND  COKING  TESTS. 

Illinois  No.  21  (lump). 

WaMng  test  160. — Size  as  used,  crushed  to  2  inches.    Jig  used,  Stewart.    Raw  coal, 
17,000  pounds;  washed,  14,640  pounds;  refuse,  2,360  pounds. 

Coking  tests. 

I  Test  126     Test  Kw 
(raw),     (washed). 

. '    _i 

SijBe  as  used f .  c.  ,  f .  c. 

Duration  of  test hours. .  44  i  45 

Coal  charged pounds..]  12,000  I  11,690 

Coke  produced '  None.  None. 


Remarks. — Test  137:  Product  a  mixture  of  unbumed  coal  and  slightly  coherent 
mass  of  coal  of  original  size,  showing  no  trace  of  cell  structure.     All  volatile  expelled. 

Analyses. 


Moisture 

Volatile  matter . 

Fixed  carbon 

Ash 

Sulphur 


1  Washing  test  160. 

1     Raw 
1     coal. 

Washed 
coal. 

1        15.30 
!        30.59 

8.25 

'        43.40 

10. 71 
,          1.43 

8.09 
1.25 

Coking 

Coking 

te^t  126 

test  137 

(coal ) . 

(coal) . 

13. 37 

17.45 

31.17 

:«.  01 

43.15 

44.74 

12.31 

7.80 

1.46 

1.10 

BBIQUETTING  TEST. 

Illinois  No.  21  (lump). 

Test  113. — Machine  used,  English;  temperature  of  briquets,  179.6°  F.;  kind  of 
binder,  coal-tar  pitch;  laboratory  No.  2933  (see  p.  40);  amount  of  binder,  5  and  6 
per  cent;  weight  of  fuel  briquetted,  14,000  pounds.  B.  t.  u.  per  pound  of  coal  as 
received,  12,440;  per  pound  of  briquets  as  fired,  12,469;  per  pound  of  binder,  15,937. 
Briquets  made  with  5  per  cent  binder  were  hard  and  firm,  and  stood  rough  hand- 
ling. Weathering  test:  Days*  exposure.  75;  condition  of  briquets  made  with  5  per 
cent  binder,  B. 

llilillSrOIS  NO.  22. 

Bituminous  coal  from  Maryville,  Madison  County,  on  the  St. 
Louis,  Troy  and  Eastern  Railroad,  was  designated  Illinois  No.  22. 
The  coal,  as  worked  at  a  depth  of  260  feet  at  this  place,  averages  7 
feet  6  inches  in  thickness. 

Two  lots  of  coal  were  shipped  from  this  locality  under  the  super- 
vision of  John  W.  Groves.  The  first  lot,  Dlinois  No.  22  A,  consisted 
of  lump  coal  over  a  4-inch  perforated  shaker  screen.  It  was  used 
in  making  steaming  tests  324  (raw),  325  (raw),  and  328  (washed); 
producer-gas  test  102;  and  washing  test  151.  The  second  lot, 
Illinois  No.  22  B,  consisted  of  nut,  pea,  and  slack  coal  which  was 
screened  through  a  2-inch  perforated  screen.  It  was  used  in  mak- 
ing washing  test  150;  coking  tests  llj  (raw)  and  118  (washed); 
and  cupola  test  125. 
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Two  ininc  yampW  were  taken  for  chemical  analysis.  Sample 
2772  was  cut  300  feet  south  of  the  bottom  of  the  shafts  where  the 
coal  measureil  S  feet  2  inches  in  thickness.  Sample  2773  was  taken 
2,500  feet  north  of  the  bottom  of  the  shaft,  where  the  coal  measured 
7  faet  n  inches  in  thickness. 

CHEMICAL  ANALYSES. 
lUiDals  No.  22. 


MltlDH 

., 

Rfil 

41.70 
JU.  i^ 
4.01 

unptw. 

am 

54.10 
y.77 

1.10 

fitfwnlOKtwtm^a 

A. 

B. 

334. 

- 

®S. 

3Q& 

5.90 

n.fii 

35. 6d 

m.u 

13.01 
S.S4 

-5.21 
57.35 

um 

18.0ft 

ISM 
aj,65 
30.70 

4,2h 

M.04 
10,04 

-■V 

Pmxlmatc: 

n.iKj 

39.37 
Ol24 

4.  IS 
i^l.77 

U07 

8.09 
17.  §1 

7.06 

m..5a 

40.04 
«.07 

4.^ 
tt3,l»7 

1-12 

8.37 
IS.  43 

6.78 

]4»5 

Vola  tilt?  matter. .  ^  ..^  ^  p . , . , , 
Fixed  cftTboti,,,  .-,..,.,,.,*, 

Ash....... .-.._.,... 

8.22 
3.  "S 

4h79 

Cfifbon. . .  , , _. -.^ .1. -. ^^ _* -_ . 

70.  r» 

Nltrflgpii  „C-ir^,-,*,, -,-.--- 

U33 

Oxygen.. ^  ^...^...4.^>.,.^. 

; 

9.27 

Ajih,„ w,,..„ -, 

{».da* 

Hnlpliiir  ..  ^.. 

4,3S 

Calorific  value  I&a  ppcoivedj  i 
riotermfiMMi ^™^t  u'' 

Ct,DI5 

iQ,m 

5,817 

10.1^ 

CfllciilaUjJ  froraj^^ 

ultimate  fttua-  ^t™    f"    """ 

jBifl .,.-.„,,,.    *"**•»--- 

' 

a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 

STEAMING  TESTS. 

Illinois  No.  22  A  (lump). 


Size  as  used: 

Over  1  inch per  cent. 

§  inch  to  1  inch do... 

I  inch  to  i  inch do. . . 

Under  }  inch do. . . 

Average  diameter inches. 

Duration  of  test hours. 

Heating  value  of  coal B.  t.  u.  per  ponnd  dry  coal. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do . . . 

Furnace  temperature "F. 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface 

per  hour pounds. 

Percentage  of  rated  horsepower  of  boiler  devolopod 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. 

Water  evaporated  from  and  at  212*' F.: 

Per  pound  of  coal  as  fired pounds. 

Per  pound  of  dry  coal do. . . 

Per  pound  of  coinbustible do. . . 

Efficiency  of  boiler,  including  grate per  cent. 

Coal  as  fire<l: 

Per  indicated  horsepower  lunir pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  coal : 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


Test  324 
(raw). 


84.6 

5.8 

3.5 

6.1 

4 

9.93 

11,484 

0.59 

.20 

2,850 

23.08 

3.60 
100.9 
5.78 

6.91 

7.81 

9.70 

65.67 

4.09 
5.05 

3.62 
4.47 


Test  325  i  Test  328 
(raw),     (washed) 


87.4 
5.4  I 

a2  j 

10 
11,876  ! 

0.54 

.18 
2,828  , 
22.61 

3.60  I 
101.0  i 
5.92 

7.14 

7.97 

9.61 

64.81 

3.96 
4.89 

3.55 
4.38 


34.1 
27.0 
22.0 
16.9 


9.9 
12,924 

0.78 

.14 

2,829 

26.73 

4.34 
121.8 
5.78 

6.97 

8.14 

9.16 

60.82 

4.06 
5.01 

3.47 
4.29 
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PBODUCEB-OAS  TEST. 

Illinois  No.  22  A  (lump). 

Test  lOt. — Duration  of  test,  47  hours;  average  electrical  horsepower,  196.5;  average 
B.  t.  u.  per  cubic  foot  of  gas,  159.6;  total  coal  fired,  16,300  pounds. 


Coal  as  Irirvnrtfli  i     ^om- 


Coal  consumed  in  producer  per  horsepower  hour  (pounds). 

Per  electrical  horsepower: 

Commercially  available 1  1. 88 

Developed  at  switchboard '  1. 77 

Per  brake  horsepower:  , 

Commercially  available 1.60 

Developed  at  engine .' [  1. 50 

EquivcUent  used  by  producer  platU.  '  I 

Per  electrical  horsepower:  I 

Commercially  available !  2.09 

Developed  at  switchboard 1.88 

Per  brake  horsepower  j 

Commercially  available i  1. 70 

Developed  at  engine 1. 59 


1.42  ' 
1.33  , 


1.77 
1.66 


1.51 
1.41 


1.42 
1.33 


1.21 
1.13 


1.51 
1.42 


.28 
.20 


Analyses. 


Coal. 


Oas  by  volume. 


Moisture 11.29  |  Carbon  dioxido  (COj. 


Volatile  matter 36.60 

Fixed  carbon 39.94 

Ash 13.17 

Sulphur 4.88 


Carbon  monoxide  (CO) 20.2 

Hydrogen  (Hi) 13.7 

Methane  (CH^j 2.0 

Nitrogen  (N^) 54.0 

Ethylene  (Ci  1I<» 7 


WASHING  AND  COEINO  TESTS. 


Test  151 

(A). 

Size  as  shipped 

1. 

Size  as  useo. 

or.  to  2" 

Jig  used 

Stewart. 

■ 

Illinois  No.  22. 
Washing  tests. 

Test  150 

(B). 


sc. 

sc. 

Stewart. 


Raw  coal pounds 

Washed  coal do. . 

Refuse do . . 


•  Test  151  I 

19,400 
17,000 
.;        2,400  I 


Test  150 

(B;. 

40,000 
32,000 
M.OOO 


Coking  tests  {B). 


Size  as  shipj 

Size  as  used 

Duration  of  test hours. .  i 

Coal  charged pounds . .  ■ 

coke  produced Urceni::! 

Breeze  pnxluced fcrJ^n^:;! 

Total  yield do... 


Test  117 

Te.st  118 

(raw). 

(wa 

4ied^. 

sc. 

so. 

f.  c. 

f.  c. 

45 

76 

10,000 

12.000 

5.046 

5.616 

50.46 

46.  SO 

534 

574 

5.34 

4.78 

5.5.80 

r)1.58 

Remarks. — Test  117:  Dull-gray  color:  breakage  very  irregular,  due  to  high  percentai,M' 
of  slate;  ash  and  sulphur  high:  poor  coke.  Test  118:  Light-gray  color,  with  heavy 
black  butt  due  to  necessity  of  closing  draft  after  24  hours.  Charge  held  in  oven  14S 
hours.  Ash  reduced  by  washing.  Will  probably  make  fair  coke  under  propc  r 
conditions. 
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A-nalyse^. 

WfuihiHf  t«sti5l 

WafthtaBtiPstlllO 

CoMnrte?^  UT 1  CoWi«k  test  118 

Bttw 

cool. 

BaW    |WA«tl«t 

coal,    j     co^* 

CtKkU 

Coke. 

Goal.  >  Co^c, 

VotatUemattfrr  .   ,.,,, j 

39145 

urn 

13. «!         16.78 

3a.  S7 

37.72 

la  43 

474 

0.1» 
7SL18 

in 

at  U  1        L  60 

Ftx^  D^rbon ,.,.* ,^, 

SITS  ' ,..., 

39.G3  •      SOL  76 

A^h „,„,.-.,,, « 

asfi 
3.  tin 

1163.          0.69 
43fi           3.79 

la  14 '    m  09 

Sd)pbur..,_,..^,..,,,^,,,...^^., 

a?^       ^L^s 

p 


r 


TT^jioia  te$t  of  coke  made  from  Tllinoi*  No.  it  B  coal  {tvash^). 

CHAHOfi. 


Doke^A 


CupoJji  ' 
tntt     ' 


Ho. 


Fiuia- 

11? 


Spedlk   Ratio       "? 
gi^v-    iron  to     ",1,^P 


-tty. 


cokp- 


£ulL 


DiYtsJoni  (»t«hAt$6« 


Kfil^iiiila. 


-^L 


12G 


1,&4  .    1  to7 


'  Per  l■^ 

(Cfikf* 

08. 61    |Plgiroa__, 


Tot^U 

,    J' 

^• 

^. 

€. 

5- 

Lbt. 

lb*. 

l^. 

£^6*. 

Lbx. 

210 

5fi 

s& 

65 

R5 

€Hy 

tV30 

4D6. 

«6 

iOfii 

4fi& 

2.2a] 

1       210 

ml 

135 

m 

m 

750 

o  Sulphur  in  tiaiu  OM  percent. 
RECORD  OF  MELT, 


BbAt  prepfiure. 

run- 

t*8t 

^*fcr 

)U^ 

PtHlMd, 

^11 
511 

Tc^al., 

TJtae, 

*"•    "S?^    r           ,         .. 

No* 

per      *gi"     Los*.  ,  Iron.  CoMb, 

m 

a.04  p.  m. ...         7 

ft 

i.iai 

325 

Mil, 

34 

L&#. 

2,675      3.512 

^.m  ,L2an        4a 

Ladle  No. 


LADLE  RECORD. 
Test  125.  i 

„  .„   I     Time 


Test  125. 


(p.m.). 


3.20 

3.20i 

3.23 

3.24 

3.2(i 

3  26^ 

3.31  1 

3.32 

3.32J 


Ladle  No. 


Time 
(p.m.). 


79 

3.33 

m 

3.38 

G8 

3.38J 

105 

3.39 

29 

3.39i 

92 

3.44 

24 

3.45 

33  , 

3.46 

Remarks. — Tost  125:  Iron  hot. 

IJL.LIKOIS  NO.  23. 

Bituminous  coal  from  Donkville,  Madison  County,  on  the  St. 
Louis,  Troy  and  Eastern  Railroad,  \va.s  designated  Illinois  No.  23. 
The  .coal,  as  worked  at  a  depth  of  145  feet  at  this  place,  averages  6 
feet  in  thickness. 

This  sample  consisted  of  two  lots  of  coal  and  was  shipped  under  the 
supervision  of  John  W.  Groves.  Illinois  No.  23  A  consisted  of 
' 'superior  lump"  over  a  5-inch  perforated  screen,  and  was  used  in 
steaming  tests  306   (raw)   and  317   (washed);  producer-gas  test  98; 
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washing  test  146;  and  coking  test  111.  Illinois  No.  23  B  consisted 
of  slack  coal  through  a  2-inch  perforated  screen,  and  was  used  in 
steaming  tests  (on  briquets)  321  and  322;  producer-gas  test  100; 
washing  test  147;  coking  tests  112  and  114,  both  on  washed  coal; 
and  briquetting  test  116. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2774 
was  cut  3,800  feet  northeast  of  the  shaft,  where  the  coal  measured  6 
feet  1  inch  in  thickness.  Sample  2775  was  cut  4,000  feet  northwest 
of  the  shaft,  where  the  coal  measured  6  feet  2  inches  in  thickness. 


CHEMICAL  ANALYSES. 
Illinois  No.  23. 


Laborator>'  ^»o 

Air-drying  loss 

Proximate: 

Moisture 

V^olatiie  matter 

Fixed  carbon 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Ash 

Sulphur 

Calorific  value  (as  received): 

Determined {b.^?"S^: 

Calculated    from  calories 
ultimate anaiy-  g,  ?  J 


Mine  samples. 


Car  samples. 
A.  B. 


Steaming  tests.a 


321  and 
322. 


2774 
8.90 

13.07 
34.85 
42.02 
10.06 
3.59 


2775  : 
9.70 

12.79 
35.67  , 
40.25 
11.29 
3.94  ! 


2819  I 
11.50  I 

13.47  I 
34.35 
40.65 
11.53 
4.41 

5.63 
57.61  I 
.91  I 
19.91 


2803 
13.20 

15.68 
31.28 
37.45 
15.59 
3.98 

5.42 
52.89  I 

.90 
21.22  ' 


-I- 


14.49 
32.37 
39.69  I 
13.45  ' 
4.62 

4.62 
64.36 

1.02 

8.87  ; 
15.73 

5.40 


14.64  ' 
35.72 
40.76 
8.88 
3.23 

5.03 
70.04  I 

1.10 

9.65  I 
10.40  I 

3.78  , 


13.54 
36.33 
41.67 
8.41 
3.21 

4.86 
(i9.30 

1.14 
11.26 

9.73 

3.71 


6,083 
10,949 


5,839  I 
10,510 

5,836  ! 
10,505 


5,364 
9,655 

5,317 
9,571 


«  Proximate  analysis  of  fuel  as  flrpd;   ultimate  analysis  of  dr>-  fuel  figured  from  car  sample. 

STEAMING  TESTS. 

Illinois  No.  23. 


Size  as  used: 

Over  1  Inch per  cent . . 

^inch  to  1  inch do 

{  inch  to  i  inch do 

Under  i  inch do 

Duration  of  tes^ hours. . 

Heating  value  of  fuel B.  t.  u.  per  pound  of  dry  fuel. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temperature °F,. 

Dry  fuel  used  per  square  foot  of  grate  surface  per  hour.pounds. 
Equivalent  water  evaporated  per  square  foot  of  water-heat- 
ing surface  per  hour pounds. . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evajporated  per  i>ound  of  fuel  as  fired, 

pounds 

Water  evaporated  from  and  at  212*'  F.: 

Per  pound  of  fuel  as  fired pounds. . 

Per  pound  of  dry  fuel do — 

Per  pound  of  combustible do  — 

ElBciency  of  boiler,  including  grate per  cent. . 

Fuel  as  fired: 

Per  Indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do — 

Dry  coal: 

Per  indicated  horsepower  hour do — 

Per  electrical  horsepower  hour do — 


A  (lui 

np). 
Tost  317 

(W). 

18.9 

B  (si 
Test  321. 

j 

ack) 

1  Test  306. 

To.>* 

t  .322. 

37.3 

19.5 
16.2 

26.7 
24.3 

[socp.96 

See 

p.  96. 

27.0  ' 

30.1 

J 

9.4 

8.12 

4.4 

3.65 

11.759  . 

12,794 

12,996 

2.996 

0.46  1 

0.55 

0.75 

0.65 

.13  1 

.13 

.27 

.16 

2.402  ! 

2,397 

18.50 

19.63 

23.75 

24.54 

3.01 

3.23 

3.78 

■A.m 

84.3 

90.4 

106.0 

KM).  6 

5.80 

5.89 

5.72 

.5.62 

6.97  j 

7.02 

6.89 

r..7l 

8.15 

8.23 

7.97 

7.76 

9.87 

9.31 

8.92 

S.(>8 

W).93 

62.12 

59.22 

:)7.66 

4.06  , 

4.03 

4.10 

4.21 

5.01 

4.97 

5.07 

5.20 

3.47  ; 

3.44 

3.55 

:i.64 

4.29  1 

4.24 

4.;i8 

4.50 

REPORT    U.    S. 


f .  I 


I.    They  btuned 
ok«,  eokijig  and 


d  '.  ESTS. 


■i 


SLeui  as  ylUppad,  „ „,,--,„,..,,.,,,..., .„,„,....,.,,- ,. 

Over  1  iDeb,,. -..,.,,.„.„...,,. .,,.,..., per  osnt 

ji  inch  to  1  inch .4.,^....„-__^.^.,.^,_.^^.^_^^_.....^- do^.. 

I  Ineb  to  j^  Inch ^---. ,_,_,».„, ,_.. ^^, .,_,, <io,,, 

Under  i  Inch. .,..,. -,^^,,,..-,,,,^,,-,,.,,,,,,,,.,,,,,,,,,,,,..,.4ti*», 

Dliffttionoltfl^ ..,..- _,^.„ .^....ll^llH. 

AvBragL'  elect rUiA]  horsepciwer.  _ _ ,,._ ^. ,_,.,„.,,,,„ _^- -_ - _ . 

Aroragp  B,  t.  u.  per  cable  foot  ol^&s........ 

ToUlco&l  Area.,  „,.„„-.*.....*„.***.*.„.,* .-.. 


TMtifiCA). 


^\ 
4 

13  ' 

m 

117,  @ 


34 

13 
ISLS 

17,  aa) 


OmI  (Hfummrd  in  producer  per  horte- 
powtr  hour  (/joufuU  i . 

Per  elect  TlcflJ  horsepowtT: 

GoniinprclaUy  iivallabli? . .  ^ ,  ^ , . , 

Eto  V  i^l^iped  »i  If wl  teh  Iward 

Per  brAkU'  horsepower; 

CommpnTJalfj"^  available ^ 

DevfllopLMl  at  engints . .  „  „ ,,  „ 

E^it-alfnt  ujied  bu  protlttcrr  piunt 

Per  electrical  horstipowtir: 

Comnntitimny  a  vallabh? . .  *  * . .  .^ . 

D^ivMtjpeti  Ht  switch  hoiird  . , 

Per  brake  hortu^powGr: 

Comnieit'ialljr  avatlablfi .  ^ 

Devclofjod  at  engine , ^,, .  _,, 


WM^m^ 


Ootil  u 
flml. 


lira 


1.H3 
U5i 


3,02 
K»l 


1.T1 


»':^<'«i-,f*t!sr- 


fLt«d. 


n«*  Anal  I  Ckwftbi*!^ 


1.41 


1.4fi 
1,^ 


1.34 
LIS 


3.00 
h90 


L«3 


L7a 
Leo 

hS 

2.17  \ 
2.07 

Lm 

L«3 

i.ai 

L34 

1.85 
L7e  , 

1,70 

urn 


1.46 


LSS 
1.7fl 


1.S7 
LfiO 


LS2 
L<5 


L3ft 

1.23 


L41 

1.31 


Anah/scs. 


Test  98.    Test  100.  ' 


I  Test  98.    Test  100. 


Coal. 

Moisture 11.87  14.77 

Volatile  matter 36.37  35.23 

Fixed  carbon 39.87  |  40.98 

Ash 11.89  9.02 

Sulphur 4.  05  I  3. 46 


Oas  by  volume. 

Carbon  dioxide  (COj) . . . 
I  Carbon  monoxide  (CO) . 

Hydrogen  (Hi) 

Methane  (CII^) 

Nitrogen  (Nj) 

Ethylene  (CjH^) 


8.4 

10.9 

20.9 

17.2 

12.9 

las 

1.6 

2.1 

55.7 

55.3 

.5 

.7 

WASHING  AND  COKING  TESTS. 

Illinois  No.  23. 
WaMmj  tests. 


Teat  146 

(A). 


Test  147 

(B). 


Size  as  shipped 5  -  inch 

]      lump. 

Size  as  used I  Crushed 

1  to  2-inch. 


Test  146 

(A).      ! 


Test  147 

(B). 


I  Jig  used j  Stewart. 

Raw  coal pounds..!      28,000 

Washed  coal do 24,000 

'  Refuse do.... I        4,000 


Stewart. 
80,000 
63,000 
17,000 
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Coking  tests  (on  washed  coal). 


I  Test  111. 


)  shipped. 
J  used . 


Size 
Size  as 

Duration  of  test hours. . 

Coal  charged pounds. . 

Coke  produced Uv^m!: 

Breeze  produe«i fenV-; 

Total  yield do 


f.c. 

39 

10,000 

4,211 

42.11 

347 

3.47 

45.58 


B. 


Test  112.    Test  114 


f.c. 

43 

10,000 

4,407 

44.07 

389 

3.89 

47.96 


f.c. 

72 

14,000 

6,443 

46.02 

601 

4.29 

50.31 


Remarks. — Tests  111  and  112:  Good  heavy  coke;  light  gray  and  silvery;  ash  and  sul- 
phur high.  Test  114:  Light  gray  and  silvery,  not  as  good  as  coke  from  smaller  charge 
(test  112);  ash  and  sulphur  high. 

Analyses. 


- 

Washing  test 
146  (A). 

Washing  test 
147  (h). 

Coking  test 
HI  (A). 

Coking  test 
112  (B). 

Coking  test 
114(B). 

Raw 
coal. 

Washed 
coal. 

Raw 
coal. 

Washed 
coal. 

Coal. 

Coke. 

Coal. 

Coke. 

Coal. 

Coke. 

Moisture 

Volatile  matter 

13.47 
34.35 
40.65 
11.53 
4-41 

13.81 

15.68 
31.28 
37.45 
15.59 
3.98 

16.83 

13.74 
36.47 
41.01 
8.78 
3.57 

0.66 
0.74 
83.45 
15.15 
3.09 

15.85 
35.02 
40.57 
8.56 
3.27 

0.90 

1.14 

82.66 

15.24 

2.87 

15.93 
35.88 
40.16 
8.03 
3.25 

1.36 
1.19 

Fixed  carbon 

82.83 

Ash 

8.78 
3.54 

8.75 
3.22 

14.62 

Sulphur 

2.84 

BBIQUETTINO  TEST. 

Illinois  No.  23  B  (slack). 

Test  116. — Size  as  shipped,  through  2J-inch  round  shalter  screen.  Machine  used, 
English.  Temperature  of  briquets,  179.6**  F.  Kind  of  binder,  coal-tar  pitch;  lab- 
oratory No.  2933  (see  p.  40).  Amount  of  binder,  5,  6,  and  6.5  per  cent.  Weight  of 
coal  briquetted,  12,000  pounds.  B.  t.  u.  per  pound  of  coal  as  received,  11,450;  per 
pound  of  briquets  as  fired,  12,996;  per  pound  of  binder,  15,937.  For  analyses  of 
briquets  see  page  95  (steaming  tests  321  Und  322). 

Briquets  made  with  5  and  6  per  cent  binder  broke  up  in  handling.  Those  made 
with  6.5  per  cent  were  satisfactory.  In  the  weathering  test  all  binders  were  exposed 
seventy  days;  condition  of  the  5  per  cent  D,  of  the  6  per  cent  C,  of  the  6.5  per  cent  B. 

IlililNOIS  NO.  24. 

Bituminous  coal  from  New  Baden,  Clinton  Coimty,  on  the  Southern 
Railway,  was  designated  Illinois  No.  24.  The  coal,  as  worked  at  a 
depth  of  320  feet  at  this  place,  averages  7  feet  6  inches  in  thickness. 

Two  lots  of  coal  were  shipped  imder  the  supervision  of  W.  J.  Von 
Borries,  as  follows:  Illinois  No.  24  A  consisted  of  screenings  which 
had  passed  through  a  2  J-inch  shaking  screen,  and  was  used  in  wasliing 
test  169  and  coking  tests  119  and  155.  IlHnois  No.  24  B  consisted  of 
lump  coal  ovei'  a  5i-inch  bar  screen,  and  was  used  in  steaming  tests 
335,  336,  and  337;  producer-gas  test  103;  washing  test  166;  and 
coking  test  145. 

19608,  BuU.  No.  332—08 7 
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Two  niijie  samples  were  taken  for  chemical  analysis.  Sample  2854 
was  cut  400  feet  northwest  of  tlie  shaft,  when?  the  coal  measured  7 
feet  8  inches  in  thickness.  Sample  2855  was  cut  600  feet  northeast 
of  the  shaft,  where  the  coal  measured  8  feet  in  thickness. 


CHEHICAL  AKALTSES. 
lllmoiB  >io»  24. 


P 


■ 

Mine  a^mpki. 

C*rB 
Bample.4 

Stesmlne  tert*> 

335. 

^u 

337. 

Lultomtory  No- .....,.,- ,, 

2854 
10.10 

13.43 

«.37 
0.18 

2S5& 
tt.flO 

12.73 

41  S2 
0.00 
3.00 

7.10 

n.44 
33.(13 
43.  B2 
10,71 
4.94 

539 
€0.06 

LOS 
17.  MS 

4.hCdiylng'Ln«it . ,  ,    ....,,,,    . .    -  - , ,  -    

12.14 

^.71 
42.48 
11.67 

45a 

4  61 

6T,ia 

lAi 

IS 

S4  4n 

43.13 
9.S7 

3.sa 

477 
60.47 

LIS 

&«1 
11.39 

43S 

33.0 

VolatUe  tmj  i.t*t - -_, . 

a2.M 

Fixed  eftrbon.....^^.-^,..^-,^^,^,.,,^^ 

43.17 

Afth , , , 

10.47 

Sulphur.   .  ^^  ...^^.^.x..      ^... . 

3. 97 

ITJtiinul*: 

Cttfboa ...._, ..„.,^.,.,-.. 

471 

e&ei 

TiJit.Tn^f]; . .    .....    .  . . , .                      .... 

1.17 

Ojcvcm 

. 

guii 

aS?!::;  ::::""  r:::::::::::::::: 

IZU 

Sulphur..........  ,......, 

401 

C»lfliifli3  value  (aa  received}: 

c?iiloiies.. 
11,1,11... 

&i07fl 
10,937 

n.OBB 
10.958 
0.0« 

I>et«mii]Qi»d... 

Coioaiatect  from  ulclraftte 

' 

AQAlyrit 

lB.».^,.. 

a  Sample  from  prod iscer^a*  test  1CC1  treaUiil  as  car  snmple. 


STEAMING  TESTS. 

Illinois  No.  24  B  (lump). 


Size  as  used: 

Over  2  inches per  cent 

Over  1  inch do. . . 

i  inch  to  1  inch do. . . 

}  inch  to  i  inch do. . . 

Under  i  inch do. . . 

Duration  of  test hours. 

Heating  value  of  coal B.  t.  u.  per  pound  dry  coal. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do . . . 

Furnace  temperature °F. 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  jter  square  foot  of  water-heating  surface 

per  hour pounds. 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. 

Water  evaporated  from  and  at  212*  F.: 

Per  pound  of  coal  as  fired do . . . 

Per  pound  of  dry  coal do. . . 

Per  pound  of  combustible do . . . 

Efficiency  of  boiler,  including  grate -per  cent. 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  coal: 

Per  indicated  horsepower  hour c'.o. . . 

Per  electrical  horsepower  hour .do.. . 


Test  335.    Test  336.    Test  337. 


3.99  ; 
493 


.3.50  ! 
4.33  I 


4  21 
5.20 


3.69 
455 


404 
499 


3.49 
431 


a  Too  short  for  reliable  results. 
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PBODUCEB-OAS  TEST. 

Illinois  No.  24  B  (lump). 

/«f  lOS. — Size  as  used:  Over  1  inch,  63  per  cent;  J  inch  to  1  inch,  16  per  cent; 
i  inch  to  i  inch,  10  per  cent;  under  J  inch,  11  per  cent.  Duration  of  test,  50  hours; 
average  electrical  horsepower,  200.4;  average  B.  t.  u.  per  cubic  foot  of  gas,  160.5; 
total  coal  fired,  14,650  pounds. 


'  Coal  as 
fired. 


Coal  cofuumed  in  producer  per  horsepower  hour  (pounds). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switch  board 

Per  brake  horsepower: 

Commercialfy  available 

Developed  at  engine 


Dry 
coal. 


Equivalent  used  by  producer  plant  {pouvds). 


Per  electrical  horsepower: 

Commercially  available 

Developed  at  switch  board . 
Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


1.54 
1.46 

1.36 
1.29 

1.31 
1.24 

1.16 
1.10 

1.63 
1.55 

1.45 
1.38 

1.39 
1.32 

1.23 
1.17 

,     Com- 
I  bustibie. 


1.19 
1.14 


1.02 
0.97 


1.27 
1.21 


1.08 
1.03 


Analysis  of  gas,  by  volume.<^ 


Carbon  dioxide  (COs) 8.4 

Carbon  monoxide  (CO) 22.6 

Hydrogen  (Us) '...  13.8 

Methane  (CHO 2.1 


Nitrogen  (Ni) 52.5 

Oxygen  (Oi) 1 

Ethylene  (CiH^) 5 


WASHING   AND    COEINO   TESTS. 

Illinois  No.  24. 
Washing  tests. 


Size  as  shipj 
Size  as  ui 
Jig  used. 


Test 
160  (A). 


Test. 
166(B). 


8C.   I  1. 

sc.  I  cr.  to2". 

Stewart.  I  Stewart. 


Raw  coal pounds. . 

Washed  coal do 

Refuse do 


Test.    I 
169  (A).  I 

20,000 
15,000  I 
5,000 


Test 
166  (B). 

18. 745 
16,660 
2,085 


Coking  tests. 


Size  as  ship] 
Size  as  used 

Duration  of  test hours . . 

Coal  charged pounds . . 

Coke  produced {peri°ni- 

B«e«,  produced (P^j^ds. 

Total  yield do 


Remarks. — Test  119:  Ashed  over  whole  oven  about  4  inches  down.  Test  155:  All 
volatile  driven  off.  High  heat  of  by-product  ovens  might  cok(».  Test  145:  Poor,  soft, 
dense  coke;  sulphur  high. 


«  For  analysis  of  the  fuel  used  see  p.  98  (car  sample  2972). 
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BEFOET   U.   S.   FUEL-TESTING   PLANT^  190$-7, 


Analyse*. 


W^afatiig  teat  160 

Waafalug 
t4J8tlfla 

ColdDg 
test  IID 
Uooal). 

t€9t  155 

Coktugt^fltllS 

Baw 

WMh«d 

COAi. 

Cob. 

IfoUtuve -.,,.„.. 

11.44 

ia.7i 

4.91 

IS.  10 

14.36 

ia.2g 

30.03 
17,70 
4.05 

15.  IB 
33,13 
43.^ 

3.07 

5.99 
3Sw32 

&^^ 

Vot&tile  uuitter 

1,64 

FLxod CATbon. . ^  .*  ,1.*..^*  --- 

T9*0l 

Ash                  *.  . 

ft.7fi 

a3K 

a.ai 

13.7a 

Sulphur,.  .  .  i.  ..  .1    ..  .  .  . 

2.97 

o  Samplci  from  pTOUueer-gjift  (est  1§I  tOD.  B  4?oal). 


ILLINOIS  NO.  25. 


Bituminous  coal  from  a  mine  located  one-half  mile  east  of  German- 
town,  Clinton  C'ountj,  on  th^  Southern  Railway,  was  designati>tl 
Illimjis  No.  25.  The  coal^  ay  worktHl  at  a  depth  of  345  feet  at  this 
placL%  averages  4  feet  8  inches  in  thickness. 

This  sample  was  shipped  under  the  super  vision  of  Jolm  W.  Groves, 
Two  loU  of  coal,  consisting  of  run  of  mine  (designated  A)  and  lump 
(designated  B) ,  the  latter  over  a  1  }-inch  screen,  were  shipped  in  the 
same  car,  and  separated  from  each  other  by  a  partition.  The  follow- 
ing tests  were  made:  On  A  and  B  mixed,  steaming  tests  338  an<l  339; 
on  A,  wasiiing  test  162  and  coking  t^^ta  120  (raw)  and  140  (washed), 
and  on  B,  produce r-n;as  test  104. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2856 
was  cut  2,100  feet  north  of  the  shaft,  where  the  coal  measured  4  feet 
10  inches  in  thickness.  Sample  2857  was  taken  2,200  feet  northwest 
of  the  shaft,  where  the  coal  measured  4  feet  6  inches  in  thickness. 

CHEMICAL  ANALYSES. 

Illinois  No.  25. 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon... 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 


Ash. 


Sulphur, 
Calorific  value  (as  received): 


Mine  samples. 


285C 
0.70 

11.64 

35.  41 

44.29 

8.60 

3.41 


Determined {'l^^^'u';: 


Calculated  from  ultimate  analysis. . . 


{calories. 
•\B.  t. 


0, 272 
11,290 


2857 
7.00 

12.15 
35.00 
42.97 
9.2« 
4.01 


Car 
sample 

(B).a 


2991 
5.90 

11.35 
34.  02 
40.  m 
13.  40 

4.  76 

5.  41 
57. 30 

1.05 
18.02 


5,903 
10, 733 

5,831 
10, 49(i 


Steaming  tests.* 


338. 

339. 



12.28 

11.53 

35.52 

34.93 

40.53 

39.75 

11.67 

13.79 

3.57 

4.89 

4.87 

4.65 

07.23 

64.20 

1.23 

1.18 

9.30 

a  8.5 

13.30 

15. 59 

4.07 

5.53 

a  Sample  from  producer-gas  test  104  treated  as  car  sample. 

t>  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 


TESTS — ILLINOIS. 

STEAMINO  TESTS. 

nUnois  No.  25  (run  of  mine  and  lump  mixed). 
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Size  as  used: 

Over  3i  inches per  cent . 

3i  inches  to  2{  inches do 

3  inches do 

IJ  inches  to  1  inch do 

i  inch  to  1  inch do 

I  inch  to  i  inch do 

Under  J  inch do.... 

Duration  oi  test hours. , 

Heating  value  of  coal B.  t.  u.  per  pound  dry  coal. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per 
hour pounds . . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212*  F.: 

Per  pound  of  coal  as  fired do 

Per  pound  of  dry  coal do. . . . 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


Test  338.    Test  339. 


3.33 
28.1 


14.3 
9.1 
15.2 
9.67 
12,519 

0.75 

.21 

21.36 

3.10 
87.0 
5.35 

6.38 
7.28 


4.43 
5.47 


3.88 
4.80 


56.0 
26.4 
7.2 
4.0 
6.4 
10.0 
12,022 

0.74 

.21 

23.63 

3.54 
99.1 
5.55 

6.fi3 
7.50 
9.19 
60.25 

4.26 
.5.27 

3.77 
4.66 


PBODUCEB-OAS  TEST. 

Illinois  No.  25  B  (lump). 

Test  104. — Duration  of  test,  50  hours;  average  electrical  horsepower,  200.6;  average 
B.  t.  u.  per  cubic  foot  of  gas,  168.0;  total  coal  fired,  16,000  pounds. 


Coal  as 
fired. 


Coal  consumed  in  producer  per  horsepower  hour  {pounds) 

Per  electrical  horsepower: 

Commerciallv  available 

Developed  at  switch  board 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine i 

EquivcUent  used  by  producer  plant  (pounds) . 

Per  electrical  horsepower: 

Commerciaiiy  available 

Developed  at  switch  board 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


1.68 
1.60 


1.43 
1.36 


1.78 
1.68 


1.51 
1.43 


Dry  coal. 


1.49 
1.41 


1.27 
1.20 


1.58 
1.49 


1.34 
1.27 


Combus- 
tible. 


1.27 
1.20 


1.08 
1.02 


1.34 
1.27 


1.14 
1.08 


Analysis  of  gas  by  volume  a 

Carbon  dioiride  (COi) 8. 3 

Carbon  monoxide  (CO) 22. 5 

Hydrogen  (Hi) 13. 6 

Mathane  (CH4; 2. 2 

Nitrogen  (Ni). 52.9 

Ethylene  (CsHO 5 


a  For  analysis  of  the  fuel  used,  see  p.  100  (car  sample  2991). 
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WASHING  AND  COKIKO  TESTS, 

Illinois  No,  25  A  (nin  fif  njinrv* 

Wfishing  ttrnt  iGii. — SiKf  ft.s  tist?d,  crushed  lo  2  inchts*.    Jig  uei^i,  Stowart.     Raw  c*>ai, 
14,550  |M>imds;  washeiJ,  13,000  iwands;  refiisn?t  2,5^  ptjimdji. 

Coking  kMt», 


B*^^«prxJdiiced. „,...., .-...,.,.. , ,,„]{^'^"'^^ 


Total  rieW ..,. *,.,„. ,,-,., ,,, .*.,,dO,.. 


r.  o.  m. 

n 

10,000 


T«»tl« 


46,27 

«lOO 
11,2? 


Jf*7«arJt5.— TeBt  140:  Dull -gray  color,  cell  j^trurturf*  rWr;  soft,  dense  ooko:  Virealcago 
poor.     Coked  in  two  rltj^tinct  layeiis  oi  Ifi  ineliuB  and  8  mchts,  the  lowtT  coming  out  in 


chunks. 


Anal^tit. 


WAJbiag 
toKtm 

(WUIHMI 

CoUllsl««tl40, 

2  00 

Coke. 

ICobture. . , , ,  ,,,,,.,*,.  .,*****,  ..***^*,*,  ,,«**,« .......,,,  ^^^ 

HI* 

meo 

14  43 
400 

a.n 

VoUHie  matter.... .**...—„•,....,_ -— _.*^,.*< 

cef 

Flit**fi  (."iirboo                           ..^.. .>....     .^  ....   ^^..  .... 

77.19 

Aah. , - -..- 

i,9§ 

3.06 

14  0.1 

Sulphur.-,-*,.. 

3.3i 

a  For  analysis  of  raw  coal  from  this  mine,  see  p.  100  (analysis  2991,  of  B  (lump)  coal^ . 


IL.L.IXOIS   NO.    20. 

Bituminous  coal  from  Lincoln,  Logan  County,  on  the  Chicago  and 
Alton  Railroad,  was  designated  Illinois  No.  26.  The  coal,  as  worked 
at  a  depth  of  276  feet  at  this  place,  averages  4  feet  11  inches  in 
thickness. 

This  sample  was  shipped  under  the  supervision  of  John  W.  Groves. 
It  consisted  of  run-of-mine  coal  and  was  used  in  making  steaming 
tests  341  and  342,  producer-gas  test  126,  washing  test  164,  and  coking 
test  143  (on  washed  coal). 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2881 
was  taken  1,500  feet  southeast  of  the  shaft,  where  the  coal  measured 
4  feet  11  inches  in  thickness.  Sample  2882  was  taken  1,600  feet 
northeast  of  the  shaft,  where  the  coal  measured  4  feet  11  inches  in 
thickness. 


TESTS ILLINOIS. 

CHEMICAL  ANALYSES. 

Illinois  No.  26. 
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Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Ash 

Sulphur 

Calorific  value  (as  received): 

Determined {3^1^^] 

Calculated  from  ultimate  analysis . .  .{b  * ^^iT* 


Mine  sample. 


2881 
11.30 

14.77 
32.90 
39.75 
12.58 
3.95 


2882 
12.10 

15.52 
32.27 
39.86 
12.35 
3.65 


Car 
sample. 


Steaming  tests.a 


63003 
12.70  ! 
I 
15.68  , 
32.41 
39.82 
12.09  I 
3.51  I 

5.56  I 
56.76  ' 

1.06 
21.02 


r 


5,781 
10,406 


5,675  |. 

10,215  .. 

5,743  i. 

10,337  ,. 


13.55 
33.11 
40.24 
13.10 
4.45 

4.43 
65.81 

1.23 

8.23 
15.15 

5.15 


15.68 
32.41 
39.82 
12.09 
3.51 

4.53 
07. 31 

1.26 

8.40 
14.34 

4.16 


a  Proximate  analvsis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
t>  Results  figured  from  sample  from  steaming  test  342. 

STEAMINO  TESTS. 

Illinois  No.  26  (run  of  mine). 


I  Test  341.  '  Test  342. 


Size  as  used: 

3i  inches per  cent. . 

3  inches do 

2i|  inches  to  1  inch do 

14  inches  to  1  inch do 

i  inch  to  1  inch do. . . . 

I  inch  to  i  inch do 

U  nder  J  inch do.... 

Duration  01  test hours. . 

Kind  of  grate 

Heating  value  of  coal B.  t.  u.  per  pound  dry  coal. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do.... 

Furnace  temperature °F. . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating   surface   per 
hour pounas, 


58.6 


.1  19.9 

8.9 

.-  4.4 

.1  8.2 

.:      10.0 

J  Rocking. 
j      12,029 

0.65 
.34 

.""20.91' 

2.84 
79.7 
5.52 


Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212^  F. : 

Per  pound  of  coal  as  fired do 6. 56 

Per  pound  of  dry  coaL do —  7. 58 

Per  pound  of  combustible do —  9. 29 

EfQdency  of  boiler,  including  grate per  cent. .        60. 85 

Coal  as  filed: 

Per  indicated  horsepower  hour pounds. . ;         4. 31 

^    Per  electrical  horsepower  hour do —  5. 32 

Dry  coal: 

Per  indicated  horsepower  hour do —  1         3. 73 

Per  electrical  horsepower  hour do — ,         4. 61 


61.0 

"i-7.'i' 


5.8 
6.9 

8.87 
I  Rocking. 
,        12,260 

0.64 

.30 

2,264 

23.02 

3.16 
88.6 
O.40 

6.47 

7.67 

9.29 

60.42 

4.37 
5.40 

3.69 
4.55 
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PBODnG£H-0AS  TEST. 

niinois  No,  2G  (run  of  mineK 

Twi  if 5.— Duration  of  ttst,  50  hoiins;  average  electrical  horeepower,  174.5;  ay^tage 
B.  i.  u.  per  cubic  foot  of  go^j  147.2;  total  coal  lirml,  16^050  pounds. 


Coal  as 


Dry  coal, 


llbl«. 


Coaf  ronMamrd  ia  proditc^^r  per  htmcpowfT  htiur  ijioiind^). 


Per  d«i0tiical  horwpower: 

CommeitrliUJy  avalialplB 

DovDlopod  At  s^lti^tilioard- 

Commercially  ^vaUflb^e^ . .. 
Developfid  at  an^n^ ...,,,.. 


mm**~9*'****' 


EffUit^alf-Tit  U4€d  bu  produerr  pktni  ipound»). 


Pter  elect  ricaJ  horsJHpfJWGiri 
CominertdiUly  avflUabJti. . . . 
Dprolopcd  ftt  HWitehboard, 

Per  hroke  horse-power: 

C-^JUi  m^  rc'lalfy  h  v^  UiliJe , , , , 
I>e  v«lop«?tl  ut  engtntj , 


1.67 

I. fie 


2.13 

2^m 


1.70 


1.70 
1.^ 


I.IG 


l.Sfi 
LT3 


1.JB7 
1.47 


LIB 
l.U 


I. SI 


.4 


Anal^ges 


Co^. 


Motstnw. -..-... ..„..  13.29 

VolatlU?  mattor. . ,„.,„., .. 32.ua 

Fixed  carbon. .,.,.,.. - 38. SI 

A»h__, „.„„,.,........,....„„„.  1A.!S8 

Sulphur , ,.,„ _.,...„ 3,52 


0a#  by  f!o|fiSC. 


Carbon  dloridB  (C(h) .. . 
CarlKJQ  moftojtiilv  f CO » _ 

Hydrogen  f  It j  i . .  ^ . 

Mr.tlfiaiiP  (Ch^) „.. 

Mlrogtin  Ulal 

Ethylt'ne  {C-iT|i,._ 


WASHII^O  AND  COEIK&  TESTS, 


niinots  No.  26  (run  <.>f  niine). 

Whshing  fmt  t64^—B'i7.(3  ai  uaed,  rrushcnl  to  2  inehee.  Jig  used,  Stewart,  Raw  cofil 
18»000  poundB;  wftshod  coal^  IBhOOO  poumi&;  rt^l'ufK*,  2^000  pounds. 

Coking  (rsi  14^. — Size  as  used,  washed,  finely  rrusherl.  Duration  of  U'&iy  59  liour«. 
Coal  charged,  11,750  pounds;  coko  produced,  5,B50  pouuds;  49.79  per  cent.  Breeze 
produced.  1,250  pounds;  10. (54  per  cent.  Total  yjt:ld,  130,43  per  cenL  Soft  dense 
coke.     Coal  particles  stuck  together  after  v«>liitile  expoUcd, 

AnalifMei. 


Wa«lita«teitlM. 

Cokla«  teat  143. 

Haw 
Doal.'s 

Wathed 

coal. 

Coal. 

Colte. 

Motstum 

15.  fid 
32.41 

39.a2 
12.09 
3.M 

15.0(1 

33.4« 

9.S3 
2,73 

a.37 
3.36 

75.98 

Voltitilfl  matUtr  .. „„,.,  .     ,.„,,-  _  „,„„  ,.,.,,„,., 

Fixed  carlwji ........... . ........... ..^ .....k,. 

' 

Ash -. .,. ,„ ,.„. 

9.40 

2.7e 

1II.4& 

Sulphur.. ..,,.,..,..... .^ ...  .          .      ... .j.i,  . 

a  Sampler  Ciikt.^i)  from  aliMmiug  tt'St  342. 


Bituniinous  coal  from  Aulmnij  Sangamon  County,  on  the  Chi- 
cago and  Alton  Railroarl,  wa.s  ilesicrnatc<l  Illinois  No.  27.  The  coal 
is  reaclieti  by  shaft  at  this  place,  and  averages  6  feet  6  inches  in 
tbickneBs. 


TESTS — ^ILLINOIS. 
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This  sample  consisted  of  mn-of-mine  coal  and  was  shipped  under 
the  supervision  of  John  W.  Groves.  It  was  used  in  making  steaming 
tests  353  and  354;  producer-gas  test  127;  washing  test  165;  and  cok- 
ing test  144  (washed  coal). 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2897 
was  taken  2,000  feet  southeast  of  the  shaft,  where  the  coal  measured 
6  feet  10  inches  in  thickness.  Sample  2898  was  taken  1,400  feet  south 
of  the  shaft,  where  the  coal  measured  6  feet  10  inches  in  thickness. 

CHEiaCAL  ANALYSES. 

Illinois  No.  27. 


Mine  sample. 


Laboratory  No 2897 

Air-drying  loss I        10. 20 

Proximate  : 

Moisture I        14. 29 

VoUtUe  matter !       37. 17 

Fixed  carbon '       40. 36 

Ash 8.18 

Sulphur 4.41 

Ultimate: 
Hydrogen 
Carbon . -  - 
Nitrc^en. 

SSr\:.::::::::::::::::::::::::::::::::::::::! ^ 


2898 
10.50 

14.18 
34.85 
41.11 
9.86 
4.36 


Sulphur • . 

Calorific  value: 

Determined {b.^?^*^^: 

Calculated  from  ultimate  analysis  .  -  .{^  t'^u®' "  I 


6,115 
11,007 


Car 
sample.^ 


3052 
10.00 

16.00 
32.41 
37.82 
13.77 
4.05 

5.55 

63.89 

.91 

21.83 


Steaming  toat.fr 
353.  "  I      354. 


5.522 
9,940 
5,417 
9,751 


16.00 
32.41 
37.82 
13.77 
4.05 

4.49 
64.15 

1.08 

9.07 
16.39 

4.82 


15.82 
32.50 
37.73 
13.95 
4.80 

4.43 

63.29 
1.07 
8.94 

16.57 
5.70 


a  Sample  taken  from  steaming  test  353. 

b  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 

STEAMING  TESTS. 

Illinois  No.  27. 


Test  353.    Test  354. 


Size  as  used: 

Over  1  inch per  cent . . 

i  inch  to  linch do — 

J  inch  to  i  inch do — 

Under  J  inch do — 

Average  diameter inches. . 

Duration  of  test hours. . 

Heating  value  of  coal B.  t.  u.  per  pound  dry  coal . . 

Force  of  draft: 

Under  stack  damper Jnch  VTater. . 

Above  fire do 

Furnace  temperature **F.. 

Dry  coal  usea  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  suriaoe  per 
hour pounds . . 

Pereentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds . . 

Water  evaporated  from  and  at  212^  F.: 

Per  pound  of  cool  as  fired do — 

Per  pound  of  dry  coal do — 

Per  pound  of  combustible do  — 

EfiOciencv  of  boiler,  including  grate per  cent . . 

Coal  as  fired: 

Per  indicated-horsepower  hour pounds. . 

Per  eiectxical-horsepower  hour do.. . . 

Dry  coal: 

Per  indlcated-liorsepower  hour do. . . . 

Per  electiical-liorsepower  hour do — 


72.4 

11.1 

6.8 

9.7 

2.29 

10.00 

11.831 

0.60 

.18 

2,360 

19.83 

8.14 
88.0 
6.57 

6.66 
7.93 
9.65 
64.73 

4.24  I 
5.24 

3.56 
4.40 


34.6 
25.7 
17.6 
22.1 
.93 
10.02 
11,713 

0.72 

.17 

2,162 

19.26 

3.08 
86.4 
5.60 

6.76 
8.0?. 
9.85 
66.  12 

4.19 
5.17 

3.53 
4.36 


TfM  127. — Average  electrical  horscixiwtT, 
as,  122.5;  tota^cYml  fired,  16,050  pfjumb. 


tT.    S,    \ 


Illinois  No.  27  (run  of  mine). 

►8;  average  B.  t.  u.  per  cubic  fcwt  of 


Coal  tontume^I  in  prodactfr  fur  honep&tcef  f^t^ur  {pounds). 

Per  elect  riciii  horanpowtir: 

CoTTuneiriully  nv-iiJiftbli? „  „  „ .„...„.,„..., 

Dvvi^lopcd  at  switcJi  boiard  ».,..,>....,. ^ **.,>..<. .,,....^^, 

ConiiiH:?n:i(iIly  ftvailable.  _ _-^ ,^, *..„_,_..,*.._.__._ _^ _^ ». ^ ^, 
Dowlopod  at  oiigmi? _ _, 


Equi  nil  flit  iHTfff  bff  prodvwft  p^nl  {pmti^ty* 


Comnif<rrialI)'  available , , . , . 
I>yv¥lc>petl  al  H witch  lioafd  . 
Per  hmlcc!  liorEwpower: 

CoinmorcmLfy  araiiahlu. , , . . 


D^co.j.i'^'sgsr 


3.40 


2L78 

2.60 
31%  I 


3b  HI 
2,38 


LM 


3.73 


am 


113 
LS9 


23B 
3.Di 


1. 95 
117 


Ami^jTAea. 


Otdl. 


OoM  bjf  voiAme, 


Molsturr^... , ,  11.35    Carbon  dioxide  JCOiJ  .j,,^ 12.1 

VoLatll^^  matior^.^ ,-,^,.^--..,.-.^-, S3,  fift    Carbon  moiiondae  (tJO)*.*--.*..^-.— .,-..1^.,  15,0 

Fixed  i^rbon.- _*..— ^^..,,  ^1,30  |  Hydrnp^n  m*).. .;„^-.^^,^-^w»-v— -^  12, » 

Aali  .-......„._.. ...„„...„. 13.  Sa  I  Mh  Tui  rn'  f m  *k  ,  „ .^-  _, . .  „^-,, .  „ ,  L  6 

SullJlim,  .....---„-,,„ ,,. .--^,^„     *.54     Nitnipj]  dJit. 57,7 

I  Kthyk'iimCj  H,) ,.,,,  ,i 

WASHING  AND  COEINO  TESTS. 

Illinois  No.  27  (run  of  mine). 

Washing  test  165. — Size  as  used,  crushed  to  2  inches.  Jig  used,  Stewart.  Raw  coal , 
18,000 pounds;  washed,  15,545  pounds;  refuse,  2,455  pounds. 

CoHng  test  14-^- — Size  as  used,  washed,  finely  crushed.  Duration  of  test,  53  hours; 
coal  charged,  11,550  pounds;  coke  produced,  5,067  pounds;  43.87  per  cent;  breeze 
produced,  405  pounds;  3.51  per  cent.  Total  yield,  47.38  per  cent.  Soft,  dense  coke; 
-  very  little  cell  structure ;  high  sulphur. 

Analyses. 


Moisture 

Volatile  matter. 

Fixed  carbon 

Ash 

Sulphur 


Washing  test  165. 

Coking  test  144. 

Raw 
coal.o 

Washed 
coal. 

Coal. 

Coke. 

laoo 

32.41 

lau 

ia39 
34  26 
41.57 
7.78 

a22 

a  51 
1.55 

37.82 

81. 14 

ia77 
4.05 

7.76 
a  26 

laso 
a40 

a  Sample  taken  from  steaming  test  353. 
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IlililNOIS  NO.  28. 

Bituminous  coal  from  bed  No.  7  at  Herrin,  Williamson  County, 
was  designated  Illinois  No.  28.  This  coal,  as  worked  at  a  depth  of 
167  feet  at  this  place,  averages  6  feet  11  inches  in  thickness. 

Three  shipments  of  coal  for  testing  piUT)oses  were  made  from  this 
mine.  Illinois  No.  28  A  consisted  of  No.  5  washed  coal,  was  shipped 
uninspected,  and  was  used  in  steaming  test  459  (on  briquets)  and  in 
briquettmg  tests  140*,  141*,  142*,  143*,  162,  and  163.  Illinois  No. 
28  B  consisted  of  unwashed  screenings  shipped  uninspected,  and 
was  used  in  steaming  test  457  (on  briquets)  and  briquetting  tests 
144*,  158*,  159,  160*,  and  161.  Illinois  No.  28  C  consisted  of  lump 
coal  which  passed  over  a  3-inch  roimd  shaking  screen,  was  shipped 
under  the  supervision  of  K.  M.  Way,  and  was  used  in  steaming 
tests  448  and  452,  washing  test  181,  and  coking  test  166. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
3629  was  taken  2,400  feet  west  of  the  shaft,  where  the  coal  meas- 
ured 7  feet  in  thickness.  Sample  3632  was  taken  2,250  feet  north- 
west of  the  shaft,  where  the  coal  measured  6  feet  1 1  inches  in  thickness. 

CHEMICAL  ANALYSES. 

Illinois  No.  28. 


53.28t 


Lahora^tory  No. .„*„ 
Air^iytng  Loha ^  ._ 

■V'oJaliJp  matter, . . 

Fixed  c^bon . . 

Aob „-, 

Sulphur........... 

UttimAUz 

Hydfogen,, 

Carbon.  ......„.,. 

NitfOgtm . 

Sfr"::::::::::: 

Sulpbur,  *,.*,*..,. 


3y»     3&3I 


SSflO 
.9& 


Cat 

BAm- 


37S9 

SI  OS 
I. '42 

&«$ 

1.2t 
14.98 


Stemming  tests. « 


Briquetting  tests.6 


7.32 
3fX72 

1X12 

4  31 

71.  SS 

L 

LIB 


B. 


157. 


4isa 


&S1 
52.41 


c. 


44& 


482 


ia02  laAd 

3. 03     X,  47 


4(30 
71.92 


451 

7lSiJ 
1.301 


2, 10     t.  54 


45SL 


no*. 


7.02  6.S1 

2g;Ui3  aoisi 

9^54  14  30 

1>  IS  1. 25 


4 

7a 

8.81 


L27 


4  1fj 
71.  g2 

7.95 

ia2fl^  l*18|  IHM 

L28 


4  21 

imog 

1.36 
*23 


1.33 


LIS 

51.  SO 

12.61 
L21 


&7ft 
12.fi2 

435 

7tKJ 
Lai 


B. 


4144 


6l38 
31.07 


51.101  51.74 


]L3*i 

422 

71. 82 
1,  39 
8.7^ 

i2Ll3 
l.GC 


letj, 

and 
ItiO*, 


4150 


5.45 
31,ti5 


ILlfi 
2.U4 

410 
7i.i^2 

ILJtf) 

1  '6 


a  Proximate  analysis  of  fuel  as  fired:  ultimate  analysis  of  dry  fuol  figured  from  car  sample. 
t  Pioximate  anaqrsiB  of  fuel  as  received;  ultimate  analysis  on  dry  basis. 
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STBAHOra  TESTS. 
IlUnoifl  Kq.  28. 


Teirt4fi@ 


Teflt  m* 


C. 


Te0t448,   Teat  4531 


OvfiT  I  Ineh .  ^  ^ « ^  *  ^ ,  -  ^-*t  t *  ,^,. ,, . . , .  _, pef  o^it, 

Singh  to  1  Inch ,,.—.*-„,.—..-... .,.„,.,.,djc. 
Inch  to  1^  liich„,.H,.,,.**^,>^..,^,.,..,»^»„.^_.,»,*.do.,,i 
Jndi^r  i  inch,....,...,..  —  -.,-,, ...do.... 

Ave? rage  dlamo^Cjer.  - >.  ^. . ..  .t .  ^..  -,*.,„,  „^ , , ,  Jncbwi. . 

Duration  of  t^at ,.....- ,....-.. .houra. . 

Heating  value  of  fuel .,,>.. .8.  t-  «,  per  pound  dry  fuel, . 

FoK5t^  of  draft: 

Under  stufk  dAmpar- » , .  *  _  „  ^  ,^ ,, ,_, Infh  water. , 

Abovo  Dr»? .---...,...-.-..- .do. . ,  * 

Fumncfl  tejnperaturi? ,,,  ^  ,♦,**,.  * , . . ®F. . 

r)ry  fiioJ  uiu;d  pi:«r  iqnam  foot  of  grato  Huilaoti  per  honi. 
poundH. ,-.,». .. -„...... 

Equivalent  water  evaporated  |>er  sqiiaro  foot  of  waCer-h&ating 
flUTface  jK^r  hour,  .„,.,.„„,.„,.. .ponndit . . !, 

Pi^nxintafio  of  rated  horsepower  of  t>oIl»rd£]  vi^li^ed ..  _„,_,.. 

W&tet  appttA^ntly  oTapomtod  pt*r  potmd  ol  fuid  as  Siod, 

WEHiitiids  ..........,*.......,,..*_.,,.»,,  ^,  ,,,**,*,,.  ^  .„*,.,  ^ 
atii^r  t^vapofati^d  trom  and  at  212"  F.: 

Per  pound  of  fuel  aa  flrad*^,-,^.,,., ....,do 

Ppr  pound  of  drj  fuol. ......... -.. .,,...., .do.,,. 

Per  pound  of  comhniitlble  _ ,, ,,. do. , . .; 

EfTjicitrucy-  ni  boife  r ,  Including  grate _ .  ps?  r  cent .  _' 

Fuel  iis  urt'ip 

['(' r  ind icat«4 j  horsftpo wer  hour. ...-,..„»,.,-... pounds , , 
Per  i>lAeth^aI  horwpowet  btnit -. *  .do 

Dry  fuel* 

Pt^rindicatod  hor«epoweTliiOur-.- .——..,,,. ^o. 

Far  elect rioai  horflcpo'vvar  hour ... ..,.»...%«.  «.jd|i.#^  J 


(<*) 


0.80 
3,001 
18.73 

am 

&43 
7.7S 

a% 

418 


C*) 


Oils 
,10 

a.  41 

(17» 
8.13 

mil 

B4W 

3.48 
439 

404 


313 
22.1 
iET 
SL9 
.79 
iaD3 

a.76 
.17 

ass 

10V8 
7.01 
8  21 

Bi,9e 

£4  60 

a44 

425 

3.38 
40fi 


21.3 

ao 

ILII 

LIS 

moo 

13,070 
0.74 


2LS7 
a94 

no& 

fi.07 

laaor 

3^  3ft 
4  IS 

ai& 
aw 


a  See  p.  :09. 

Remarks. — Test  459  on  briquets  from  tests  162  and  163  (equal  weights)  and  Englidh 
briquets;  fired  whole;  no  smoke  from  either  kind.  Test  457  on  briquets  from  tests 
159  and  161  (equal  weights);  made  4  per  cent  black  smoke. 


WASHING  AND  COKINO  TEST. 

Illinois  No.  28  C  (lump). 

Washing  test  181. — Size  as  used,  2-inch;  jig  used,  Stewart;  raw  coal,  24,000  pounds; 
washed  coal,  19,925  pounds,  74  per  cent;  refuse,  4,075  pounds,  26  per  cent. 

Cohing  test  166. — Size  as  used,  washed,  finely  crushed.  Duration  of  test,  60 
hours.  Coal  charged,  12,600  pounds;  coke  produced,  6,350  pounds,  50.40  per  cent; 
breeze  produced,  661  pounds,  5.25  per  cent.  Total  yield,  55.65  per  cent;  dark-gray 
color;  poor,  dense  coke. 

Analysis. 


Washing  test  181. 

Coking  test  166. 

• 

Raw     ]  Washed 
coal.          coal. 

Coal. 

Coke. 

Moisture 

7.78 

29.85 

52.39 

9.98 

1.32 

9.75 

9.37 

30.38 

53.36 

6.89 

1.09 

2  82 

Volatile  matter 

GO 

Fixed  carbon 

86.12 

Ash 

7.12 
1  n.«i 

10  46 

Sulphur 

.98 

Phosphorus 

.0075 
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BBIQUETTIKQ  TESTS. 

Illinois  No.  28. 

Tests  140*j  W*,  U2*y  14s*,  162,  163  {coal  A,  washed  screenings.)— Size  as  used:  yV 
inch  to  i  inch,  3.0  per  cent;  ^  inch  to  ^  inch,  13.0  per  cent;  ^V  i^ch  to  ^  inch,  20.2 
per  cent;  through  ^  inch,  63.8  per  cent.  There  was  no  appreciable  difference  in 
briquets  with  6,  7,  and  8  per  cent  binder  made  on  English  machine  and  8  per  cent  on 
Renfrew  machine.  Renfrew  briquets  made  with  less  than  8  per  cent  binder  were 
not  satisfactory.  The  satisfactory  briquets  had  hard,  smooth  outer  siu^aces,  broke 
with  clean  rough  fracture  without  cnmibling,  and  edges  were  hard  and  sharp.  Ren- 
frow  briquets  could  be  handled  warm  .and  piled  without  crushing. 

For  analyses  of  briquets  from  tests  162  and  163  see  page  108  (steaming  test  459). 


Test  140*.  Test  141*. 


Details  of  manufacture: 

Biachine  used 

Temperature  of  briquets> ''F. . 

Binder- 
Kind 

Laboratory  No.  (see  p.  40) 

Amount per  cent. . 

Weight  of— 

Fuel  briquetted pounds. . 

Briquets,  average do 

Heat  value  per  pound- 
Fuel  as  received B.  t.  u. . 

Fuel  as  fired do 

Binder do 

Drop  test  (1-inch  screen) : 

Held per  cent. . 

Passed do 

Tumbler  test  (1-inch  screen) : 

Held do. . . . 

Passed  (flne«) do 

Fines  through  10-mesh  sieve . .  .do 

Weathering  test: 

Time  exposed days. . 

Ck)ndition 

Water  absorption: 

In  19  days per  cent. . 

Average  for  first  5  days do. . . . 

Specific  gravity  (apparent) 


^^ 


16,000 
3.44 

10,611 


16,478 


7 

16,000 
3.54 

10,611 
11,567 
16,478 


Test  142*.  Test  143*.  Test  162. 


8 

16,000 
3.45 

10,611 
11,927 
16,478 


182 
A. 


182 
B. 


182  I 
A.  1 


Renf. 
131 


w.g.p. 
3410 


134,000 
.502 

10,611 
12,026 
16,478 


173 
B. 


Renf. 
131 

w.g.p. 

3885 

8 

40,000 
.463 

10,611 
11,637 
16,870 

61.5 
38.5 

73.5 
26.5 
94.5 

127 
B. 

13.6 
1.84 
1.041 


Test  163. 


w.  g.  p. 
3885 

7 

8,000 
3.62 

10,611 
11,637 
16,870 


173 
B. 


Extradition  analyses. 


Pitch. 


Fuel. 


Briquets, 
test  143*. 


Laboratory  No 

Air-drying  loss per  cent . 

Extracted  by  CSi: 

Ai r  dried do . . . 

As  received do. . . 

Pitch  in  briquets,  as  received do. . . 


3410 


79.98 


3409 
9.30 


.23 
.21 


9.15 
11.21 


Tests  144*,  158*,  159,  160*,  161  {coal  B,  raw  screenings) .—Size  as  used:  Over  { 
inch,  0.4  per  cent;  ^  inch  to  J  inch,  3.8  per  cent;  aV  inch  to  ^^  inch,  13.4  per  cent ; 
:^  inch  to  ^^  inch,  24.8  per  cent;  through  f\  inch,  57.6  per  cent.  These  briquets 
showed  the  same  characteristics  as  those  made  from  Illinois  No.  28  A,  except  that 
when  cold  their  surfaces  were  tougher  and  less  liable  to  break  down  from  abrasion 
than  those  of  the  briquets  from  the  washed  fuel.  For  ^-nalyses  of  briquets  from  tc^st 
161  see  page  108  (steaming  test  457). 
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Tert  114*.  TfiSt  158*. 


_ioi 

Teiapemtiire  of  briquets. . .-- — „,.„....  *F, 
Binacr— 

Kind _.^-. _..,,„, 

LabonLtory  No.  («e?  p.  10)..  _. ...,,, 

Amoimt.... .,*..,,  „„,.„.. peroont, 

Wdgbt  oi— 

Fuol  bfiqoctted , , ,_.„„_„  .poundfi, 

Briquetflf  average. ..  ^..... .....do.., 

Detit  viklun  ppf  pound— 

Fui4  A^  rreeived ....B,  t.  u 

F\n}\  US  fin?d. .,-.,. --„... ,.,.„,, do.., 

nindi^r. ....  — ,.....,.,. .  ,do. , , 

Drop  teat  (1-incb  dcroen);    . 

Htid ._..dD-. 

Paaaed. .__.,„„. .._„..._,,. do.,, 

Ttunbl(>r  test  (l^lnch  tiCreen)  t 

Held ......,.„ .„,„,,„..,... .do.., 

FftBflctl  (fliifMa.) ._........... ...... .  .._do. . . 

FiTuw  througb  lC>-tns«h  iil«T«. . . . do, . , 

WflAthpriug  t«5t : 

Timi!  espoj^ , , d&yi. 

CrjmUtion,  ,,^,*..,^-^ --_...._ ^.^^..... 

Water  absorption: 

In  19  dnys —  .per  cent. 

AT«ragD  for  flnst  5  da jfl ,,  „ . , —  do. , . 

Specific  gravity  Cappn  rent  j 


Hem. 

131  I 

S4t34 

it 

0  ,S24 

il,.t29 

12,  (»4 

aie»3@0 

16.  0 

TOO 
2L.0 
S5,0 

141 

c. 
lfi.il 

1.9S 
L075 


a.  t,  p. 
}       3002 


t^tlfiO. 


0.  t,  p. 

7 


Teat  leo*.  TsBt  161 


li 

fl.  t.  p.   I     w* 


30,000 

3.ao 

28.000 

30.000 
3.tt:i 

11,3^ 
12,  HI 

le.ioQ 

12,101 
lO/LCS 

13.  im 

iaj03 

77.  tt 
22.1 

73,3 
37.  T 

80  6 
10  4 

77. « 

73.1 
27.© 
87,7 

70  3 

143 

137 
B. 

137 

14,3 
L40 

Loea 

12.  fl 
1.30 
1. 112 

13.0 
1,40 
1  075 

ISl 


30,0(10 
0.4§1 

ii.aaa 

12.0Si2 
Hi,S70 

41  0 

Stt  0 

Aft  & 

40  Jt 

»»^ 
lis 

ItkO 
3  14 

i.aift 


4  l^quaL  weLgUta  of  two  binders  wen  amd  &Qd  tbe  calotifle  value  dei^naUisd  from  the  ««pttm» 
coioruk  ralues  of  the  bJnd^ra. 

Extraciion  analjff&t. 


'■ 

Fuel. 

Biiqiieti. 

Flt42hea. 

Teat 
li^. 

4144 

Teats 
158*, 
IM, 

ieo». 

Teat 

lei. 

Laboratory  No - 

»4»6 

3624 

3tiDS 

3885 

3423 
6.30 

.35 

.n 

4160 

^21 

Alr-dryfPB  Iom...l. 
Extracted  by  CSt J 
Air  dried -- 

....... per  oeut,. 

3-90 

..... do.... 

do.... 

received .  .do^ .  * . 

""».fl6" 

'm.n 

&.06 

x\.ff  rcpeived 

Pitch  In  brlquetflj  tu 

7.54 
&fi7 

eki2 

7.02 

6.77 

IliXiINOIS  NO.  29. 


Bituminous  coal  from  bed  No.  5  at  Livingston,  Madison  County, 
was  designated  Illinois  No.  29.  This  coal,  as  worked  at  a  depth  of 
286  feet  at  this  place,  averages  6  feet  10  inches  in  thickness. 

Two  samples  were  shipped  under  the  supervision  of  K.  M.  Way,  as 
follows:  Illinois  No.  29  A  consisted  of  screenings  through  a  2-inch 
shaking  screen  and  was  used  in  steaming  test  465  (on  briquets) ; 
washing  tests  183  and  184;  coking  tests  169  and  170;  cupola  tests 
150,  157,  and  164;  and  briquetting  tests  170  and  Hlf.  Illinois  No. 
29  B  consisted  of  run-of-mine  coal  and  was  used  in  steaming  tests 
460,  461,  and  466  (on  briquets) ;  producer-gas  test  139,  and  briquetting 
test  175t. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  3911 
was  taken  1,600  feet  south  of  the  shaft,  where  the  coal  measured  7 
feet   li   inches  in   thickness.     Sample   3913   was   taken   1,200   feet 
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northwest  of  the  shaft,  where  the  coal  measured  6  feet  6}  inches  in 
thickness. 

CHEMICAL  ANALYSES. 

Illinois  No.  29. 


Mine  sam- 
ples. 


Car  samples. 
B.         A.  B. 


Steaming  tests,  a 


Laboratory  No I    3911  i 

Afr-drying  loss ' 

Proximate: 

Moisture 

Volatile  matter 

Fixed  carbon... 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Ss:f";::;::::: 

Sulphur 

Calorific  y 
determi 
(as  received)... 


3913 


value  ] 
mined  y^ 
eived)..)** 


calories, 
t.u.. 


3958 
7.30 

12.47 
33.12 
41.85 
12.56 
4.37 

5.37 
57.17 

1.00 
19.53 


3963 
8.60 

13.10 
30.73 
40.12 
16.00 
4.17 

5.26 

54.26 

.89 

19.42 


6,051 
10,892 


6,242 
11.236 


5,926 
10,667 


A. 
465. 


B. 


460. 


3980 
5.50 

12.25 
33.76 
41.66 
12.33 
4.42 

5.44 

58.30 

.80 

18.71 


14.23  11.09 

34.63  33.68 

43.96  41.17 

7.18  I  14.06 

2.84  j  4.63 


4.78 
72.39 

1.08 
10.07 

8.37 

3.31 


4.45 

63.96 
1.11 
9.46 

15.81 
5.21 


6,546     5,955 
9,983    10,719  ' 


461. 


-,  Briquet- 
ting  test 
-171t  (A). 6 


4245 


12.41 
35.42 
42.15 
10.02 
3.51 

4.77 
68.47 

1.20 
10.11 
11.11 

4.01 


10.00 
36.33 
43.01 
10.66 
3.24 

4.82 
69.45 

1.26 

9.03 
11.84 

3.60 


12.29 
37.16 
43.99 
6.56 
3.56 

4.91 
72.23 

1.07 
10.26 

7.47 

4.06 


o  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
6  Proximate  analysis  of  fuel  as  received;  ultimate  analysis  on  dry  basis. 

STEAMING  TESTS. 
Illinois  No.  29. 


B. 


Size  as  used: 

Over  1  inch percent.. 

i  inch  to  1  inch do 

J  inch  to  J  inch do 

Under  \  inch do 

Average  diameter inches. . 

Duration  of  teat hours. . 

Heating  value  of  fuel B.  t.u.  per  pound  dry  fuel. . 

Force  <rf  draft: 

Under  stack  dami)er inch  water. . 

A bove  fire do 

In  ash  pit do 

Furnace  temperature °F.. 

Dry  fuel  used  per  square  foot  of  grate  stuiace  per  hour,  pounds . . 

Equivalent  water  evaporated  per  square  foot  of  water-heating 
surface  per  hour pounds. . 

P^xjentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  fuel  as  fired, 
pounds 

Water  evaporated  from  and  at  212°  F. : 

Per  pound  of  fuel  as  fired pounds. .  { 

Per  pound  of  dry  fuel. do 

Per  pound  of  combustible do ' 

Efficiency  of  boiler,  including  grate per  cent. . 

Fuel  as  fired: 

Per  indicated  horaeiwwer  hour pounds. .  I 

Per  electrical  horsepower  hour do 

Dry  fuel:  ! 

Per  indicated  horsepower  hour do 

Per  electrical  hor8ei)ower  hour do. . .  i 


Test  465. 

Test  460. 

Test  461. 

Test  466. 

f      34.1 

51.4 

'\u.^- 

21.5 
13.2 
31.2 

22.4 
10.7 
15.5 

See    p. 
114. 

0.81 

1.04 

9.98 

10.05 

5.42 

10.07 

13,120 

11,945 

12, 728 

12,702 

0.81 

0.80 

0.84 

0.82 

.15 

.18 

.18 

.16 

2,665 
20.35 

3.62 
101.5 

6.34 

7.65 

8.91 

9.89 

65.58 

3.70 
4.56 

3.17 
3.92 


2,759 
21.38 

3.44 
96.3 

I 
5.93 

7.16 

8.05 

9.88 

65.08 

3.95  i 

4.88  I 

3.51 
4.34 


2,816 
22.32 

3.72 
104.2 

6.05 

7.31 
8.34 
9.58 
63.28 

3.87 
4.78 

3.3'J 
4.19  I 


2.784 
22.  32 

3.90 
109.2 

0.52 

7.87 
8.74 
10.03 

m.  14 

3.59 
4.44 

3.24 
3.99 


Remarks. — ^Test  465on  English  and  Renfrow  briquets  from  tests  170  and  ITlf  (equal 
weights)  burned  with  medium-length  flame,  making  6  per  cent  black  smoke;  42  per 
cent  clinker,  very  hard,  brittle,  and  of  a  dark-gray  color  and  glassy  fracture.  Test 
466  on  briquets  from  test  175t  burned  with  a  hot  fire,  medium  flame,  making  13  per 
cent  black  smoke;  38  per  cent  clinker,  gray,  hard,  porous;  steam  jet  used  to  k^^^ 
from  stickiii^  to  grates*  ash  gray  in  color,  gritty. 
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pboi]Uc:ee-gas  test. 

lllmob  No.  29  B  {jnm  of  mine)* 

Te^t  lS9.^^BiZB  as  used:  Over  1  mcli,  66  per  cent;  J  inch  to  1  inch,  17  percent;  \  incli 
to  I  i«f  h,  7  pt^r  rent;  imdef  }  inch,  10  per  cent.  Duraticin  of  testj  50  hours.  Average 
©lacirical  horeepower,  ldl.3;  average  B.  t,  u,  per  cubic  foot  of  ga^^,  141 ,2  j  total  coal 
firedj  17.250  poimdB. 


h 


Chat  con^ujaed  (n  producer  per  honepoteer  h^/ur  (pound*}. 
Per  ek^ctriciil  horsepower: 


Per  bru^ki^  fiorsep 


CominercUiUy  ttVulUiblfl. 


Equimhrti  used  b^  prttducer  plant  (pound*). 


Per  elecitrictLl  horsg|)owi?r: 

I>flVfiloped  at  swltcliboard . 
Par  hr&kti  hormpowpr: 

Coixmifirci^y  a.  railablfl  ^ «. . . 
DevBlope<l  ttt  ^ngf  tit* 


coii 

L66 

h6« 
1.61 

1.33 

2.00 
l.t>l 

1.7d 
LOT 

h7Q 
1.52 

CombuA- 


L3^ 


M4 


LJl 


1-21 


Anat}f9e4. 


OjoJ. 


Moi*tiina...._.., .,...,.„-, 12.S& 

VolutUi*  mfltter_...,^^,,-.*.x*.-. ^,  30.76 

Fijtedcftrbon,,,., -,^,*,.  41. W 

Aah.,.. * ,*—.,. 12.33 

Sulphur..... 4.4L> 


Gas  by  ralumt. 


Cftrboa  dlojiidc  (COj>,.„ *—,-,.,, \\A 

Carbon  monojcidi?  tCOl  ..  =  .... ^..- . J7.3 

Hydmgi^u  (III)  -....., „,^.i-i,^^ii..i U.O 

Mettmiia  (CH*) _.., _..    l.tt 

NUrogi'n{N,) ., „... $|.i 

Klhvli'iie  rCs  III) .,,.,...-_..,,_» _.      .1 


WASHINQ  AND  COKING  TESTS. 

Illinois  No.  29  A  (screenings). 
Washing  tests. 


Jig  used 

Raw  coal pounds. 

Washed  coal , {p^r'^tl 

Refuse  /pounds.. 

^^'"^ \per  cent . 


Test  183.      Test  184. 


Stewart 

18,000 

13,750 

76 

4,2.% 

24 


Stewart. 
59,500 
41,500 

70 
18,000 

30 


Coking  tests  {on  washed  coal). 


Size  as  used 

Duration  of  test hours. . 

Coal  charged pounds. . 

Coke  produced {pore?nt:: 

Brcez.e  produced {P-nJ-; 

Total  yield do. . . . 


Test  109.    Test  170. 


f.  c. 

74 

12.010 

4,950 

41.22 

C>S4 

,5.70 

46.92 


f.c. 

54 

11.680 

4,950 

42.38 

338 

2.89 

45.27 


Remarks. — Test  169:  Poor,  dense  coke;  high  sulphur, 
but  poor  coke  with  high  sulphur  content. 


Test  170:  Better  than  test  169, 


TESTS — ILLINOIS. 
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Analyses. 


Washing  teat 
183. 

Washing 

test  184 

(washed 

coal). 

Coking  test 
169. 

Coking  test 
]70. 

Raw 
coal. 

Washed 
coal. 

Coal. 

Coke. 

Coal. 

Coke. 

Moisture  

13.10 
30.73 
40.12 
16.00 

4.17 

15.86 

15.86 

15.63 

0.72 

18.39 

32.87 

41.53 

7.21 

3.06 

2.78 

Volatile  matter                          

33.88 

42.81 

7.68 

3.13 

.90 
84.62 
13.76 
2.57 

.74 

Fixed  carbon 

83.35 

Ash  .                                       

7.70 
3.06 

7.70 
3.06 

13.13 

Sulphur 

2.49 

Cupola  tests  of  coke  made  from  Illinois  No.  29  A  coal  (washed). 

CHARGE. 


Coke. 


\^^       Test   ,    cfec 
^°-        No.    I  grav- 
ity. 


IS) 
157 
164 


170 
170 
170 


1.83 
1.83 
1.83 


Ratio 
iron  to 
coke. 


Fluid- 
ity 
strip 
fuU. 


Materials. 


I 


Per  ct. 
94.44 

97.22 

94.44 


f  ;oko 

\ Pig  iron. 

Coke 

Pig  iron. 

fCoke 

Pig  iron. 


Divisions  of  charge. 


Lbs. 

Lbs. 

Lbs. 

190 

60 

60 

760 

560 

560 

190 

78 

78 

760 

560 

560 

....'        200 

44 

44 

800 

550 

550 

Total. 


Lbs. 

Lbs. 

60 

60 

560 

560 

77 

77 

560 

560 

44 

43 

550 

550 

Lbs. 

430 
3.000 

500 
3,000 

375 
3,000 


RECORD  OF  MELT. 


Blast  pressure. 

Iron 

Weight  of  iron.        1                   Melting.                    Recovered. 

Cupola 

Addi- 

test 
No. 

Onat— 

Maxi- 

mum. 

run- 
ning 
in— 

tion- 
Poured,      al 
melt- 
ed. 

Total.  Time. 

! 

Rate 

per 

hour. 

Ratio, 

iron 

to 

coke. 

Loss.  1  Iron. 

1 

1 

Coke. 

Oz. 

Min. 

Lbs. 

Lbs. 

Lbs. 

Min. 

Lbs. 

Per  ct. 

Lbs. 

Lbs. 

150 

10.59  a.m... 

7 

12 

2,095 

329 

2,424 

34 

4,278 

6.12 

5.53 

410 

34 

157 

3.15  p.  m 

7 

10 

2,195 

466 

2,661 

31 

5,lnO 

6.02 

5.37 

178 

58 

164 

11.10  a.m... 

7 

9 

1,331 

295 

1,626 

30 

3,252 

4.85 

6.77 

1,171 

40 

SILICON,  MANGANESE,  ETC. 


1 

Materials. 

Sill 

con. 
Pounds. 

Manganese. 

Cupola 
t^st 
No.    j 

Amount 
used 
(lbs.). 

Percent. 

Percent.  Pounds. 

fPigiron 

2.12 
1.91 

5L39 
4€^m 

0. 178        4.  315 

150 

Melted  iron: 

Amount 

.  155         3.  757 
-12.93    ,  -  .558 

Gain  or  loss... 
Coke 

399" 

-  9.90  ,  -  5.09 

fPig  iron 

2. 12         ^f\-  41 

.178         4. 737 

.133         3. 539 
-25.29       -1.198 

157 

Mdted  iron: 

Amount. 

L84 
-1121 

48.96 
-  7.45 

Gain  or  loss. . . 

Coke 

448 

Pig  iron 

2.  io 

34.  15 

.  163         2.  tv50 

.  Ill  ,      1.  fm 
-31.90    1  -  .845 

164 

Mdted  iron: 

Amount 

1.  68  '      27.  32 

-2aoo    -  a83 

Gain  or  loss. . . 

Coke 

339 

Sulphur. 


Pounds. 


Content 
of  coke 
combined 
with  iron 
melted 

(per 
cent). 


1.  4302  'l 

10846  il 

-I-  .6544  I 

9.9351  j 

1.5700  1 


0.  059 

.086 
4-  .027 
2.49 
.059 

.108  I  ..  u.on 
+  .049  1  +  1.3039 
11.1552 
1.5935 

133   2.  1626 
+  .03.5  +  .5691 
2.49    a  4411  I 
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Cupola  U^ts  of  coke  mttdefrovt  lUinow  No.  2$  A  eoal  {-washed) — Coniinued, 
tADLK  HECORD. 


Test  L9D.A 

Test  157.» 

Teet  1«4.A 

L«dte 
No, 

Teat  ISO.a 

TMtwr.* 

Teat  101.* 

Lbs. 

Tltne 
Ca*m.l* 

Lba. 

Time 

Lba. 

m 

32 
$»£ 

32 
00 

m 
as 

S2 
60 

Tim* 

Lbfi. 

Time 
t*.nL>* 

Ll^ 

Time 
fp.m./* 

Lbs* 

(a.  m.) 

i::::: 

fl 

7  ^ 

35 

pe 

IIU 

im 

75 
OS 

IIB 

70 
102 
IIB 

1L14 
HAS 
11.  IS 

u.2a 

11.234 
U.24 
11.23 
lL25i 
LL.26 
11.27 
11.  m 
U.2S 

Ifi 

9a 

107 
8^ 
S7 

107 
B5 
SI 

100 
SO 

101 

101 

X2S 

X32 

a.  324 
;i.33  1 

3. 36  J 

3.;*7 

3.40 
3.401 
.'}.41 
:i43 
3.435 

11*35 
1L234 
U.3S 
11.2S4 
U.29 
IL.^ 

n.3t 

11. 3S 
lU38i 
11.^ 
U.« 
1L43| 

13.,*. 
14.... 

la*... 
la.... 

17..,, 

18 

19*.,* 

20 

21,-.. 

i:::: 

24.... 

m 

07 

on 

100 
97 
04 
8^ 

07 
20 

1L30 
1L301 

11,34  i 

n.3H 

1L33 

1L40 

tl.  401 

1L41 

U.  i^ 

1L14 

1L4S 

B8 
107 

96 

loe 

102 
90 
88 

lOB 
g3 
S3 

m 

3.44 
3.45 
3.45i 
3.40 
3.4S 
3.48i 
3. 40 
^.32 
3.52i 
3,i3 
3.65 
3.30 

84 

37 
7g 
130 

m 

11.44 
11.46 

11:  S* 

11.41 
1L4» 

K 

SO....* 

12* 

»  Pig  inin  usud  frtim  ear  27^33.  6  Pig  trfln  uettl  from  car  131043. 

Remarks.— T^t  Ibf}:  Tempemtureof  iron,  medium*     Test  157:    Iron  hot      Tost  1 61: 

Iron  Ciilti*  ^ 

BBiatTETTING   TESTS*  H 

lUimnrt  Nn.  29.  *  ^ 

TVf  to  170  aJKf  i7 1 1  (too?  -"1 ,  wmhtd  j(r«7uy^f^) . — Sizo  as  used :  Over  J  mti,  3.6  pfsr  ^!D  t: 
^  inch  to  \  inch,  SJipor  cent;  i.^  ^J^^^i  ^^  A  aqc^p  If*.2ppr  (x^nt;  ^^  inch  to  g^  inch, 20 .8^ 
per  <'ont;  through  j^^  inch,  50,8  pt^r  cent-  Satisfactory  briquot^  were  m^e  on  >)oth 
miichine*  with  7  per  cent  binder.  Briquets  were  verj*  harfl  and  tough,  and  hnike  wjth 
rough  fracture  and  hanJ  edges,  Renf n>w  Imquet^  were  well  molded  anil  stood  handling 
when  warm .     For  analyf^f^  of  l^riquots  from  teat  1 70  ace  page  111  (steaming  test  4ri5 ). 

Tii^f  17 fi]  {font  B,  raw,  run  of  Yriine). — Size  aa  used:  Over  f  incli,  3-2  per  rf  nt:  ^^ 
inch  to  i  inch,  9.8  per  cent;  ^V  i^^^  to  ^^  inch,  16.4  per  cent;  ^^^  inch  to  ^jj  inch,  25.8 
per  cent;  through  ^  inch,  44.8  per  cent.  The  briquets  were  identical  with  those  made 
of  the  washed  coal,  except  that  fracture  was  rougher  and  harder,  as  fuel  did  not  crush  bo 
fine  in  grinding.    For  analyses  of  briquets  from  test  175t,  see  page  111  (steaming  test  466). 


Details  of  manufacture: 

Machine  used 

Temperature  of  ])rique.s °F. 

Binder- 
Kind 

Laboratory  No.  (see  p.  40) I 

Amoimt per  cent . . 

Weight  of— 

Fuel  briquetted pounds. . 

Briauets,  average do 

Heat  value  per  pound- 
Fuel  as  received B.  t.  u. . 

Fuel  as  fired do 

Binder do 

Drop  test  (1-inch  screen) : 

Held per  cent . . 

Passed do 

Timibler  test  (l-lnch  screen) : 

Held per  cent . . 

Passed  (fines) do 

Fines  through  10-mesh  sieve do 

Weathering  test : 

Time  exposed days. . 

Condition 

Water  absorption: 

In  19  days per  cent . . 

.\verage  for  first — 

2  days do 


A. 

B. 

Test  170. 

Test  171t. 

Test  17ot. 

1 

Renf. 
131 

Renf. 
131 

{ in 

1          4319 
{          4543 

} 

w.  g.  p. 

4543 
7 

w.  g.  p. 
4543 

7 

6,000 
3.84 

24,000 
.437 

15,000 
.465 

11,844 

11,254 

« 16, 554 

11,844 
11,671 
16,969 

10.667 
11,486 
16,969 

74.4 
25.6 

47.0 
53.0 

50.5 
49.5 

94.0 

.06 

81.2 

75.0 
25.0 
87.3 

77.5 
22.5 
90.2 

56 
C. 

55 
B. 

53 
B. 

17.0 

21.5 

18.8 

days 

5  days 

Specific  gravity  (apparent). 


.do. 


5.15 
'i.'653" 


2.42 
1.042 


a  Equal  weights  of  two  pitches  were  used  and  the  calorific  value  determined  from  the  separate  calo- 
rWc  values  of  these  pitches. 
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Laboratory  No 

.\ir-drying  loss per  cent. . 

Extracted  birCSt: 

Air-dried do 

As  received do 

Pitch  in  briquets,  as  received, 
per  cent , 


Pitches. 


4319 


4543 


66.25  I 


99.66 


A. 


Briquets. 


Test  170.  Test  Hlf. 


Fuel. 


3963 
8.60 

4233 

11.80 

4581 
10.40 

3958 
7.30 

.83 
.76 

6.61 
5.83 

7.57 
6.77 

.99 
.92 

0.17 

6.09 

1 

Briquets, 
j  test  ITof. 


4245 
7.80 


6.92 
6.38 


1.53 


IliUXOIS  NO.  30. 

Bituminous  coal  from  bed  No.  7  at  Shiloh  station,  St.  Clair  County, 
on  the  Southern  Railway,  was  designated  Illinois  No.  30.  The  coal 
as  worked  at  a  depth  of  126  feet  at  this  place  averages  6  feet  8  inches 
in  thickness. 

One  sample,  shipped  under  the  supervision  of  K.  M.  Way,  con- 
sisted of  nut  coal  through  a  3-inch  and  over  a  2-inch  shaking  screen, 
and  was  used  in  steaming  test  511  (on  briquets);  producer-gas  test 
157;  washing  tests  190  and  190a;  and  briquetting  tests  225,  226,  and 
228. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  3910 
was  taken  900  feet  southwest  of  the  shaft,  where  the  coal  measured 
6  feet  9  inches  in  thickness.  Sample  3912  was  taken  800  feet  north- 
east of  the  shaft,  where  the  coal  measured  6  feet  8  inches  in  tliickness. 

CHEMICAL  ANALYSES. 
Illinois  No.  30. 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon 

Ash 

Sulphur 

Lltimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Vsh. 


Ash 


Sulphur , 

Calorific  value  determined  (as  received)-. 


Mine  samples. 

3910  1          3912 

2.30 
10. 73 

9.88 

39.(30 

42.26 

40.41 

37.05 

9.26 

10.81 

4. 12  i          3. 83 

Car  sam- 
ple.     ! 


(calories  . 
•IB.  t.  u  .. 


6,355 
11,439  I 


4364 
8.70 

11.60 
35.70 
39.42 
13. 19 
4.38 

5.  46 

57.15 

.94 

18.88 


5.944 
10,699 


Steaming 
test  511." 


9. 75 
39. 25 
42.69 

8.13 

3.  'Jl 

4.  SO 
71.76 

1.13 
9.60 
9.21 
3.5<) 


a  Proximate  analyaiB  of  fuel  As  flred;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
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STEAMING  TEST. 

IllinoiB  No.  30  (wimbed). 


Tert  Sll. 


DuniTian  of  leai ,  ,„ . .  ..^^^^.^  --p— ,...-  .-^  ^^. . .  ..._...,.,,„_,„,„_„„,.  .lioafa. .  I 

Heftiin^  Tttiup  of  ftijsl... -..._.,*_..,,,._,,._, ,,,„„,„.„ B.t.  o.  perpaunddry  ft»l.  .| 

Force  of  draft: 

Un^lor  tftac-k:  dampfrr,  ,.*.,._.* ^  ,„ . *, .. , Jacli  water . . i 

Al>vjve  fire , ..„..^..„ ............. . . . do.„J 

Dry  fiH'l  used  per  iqimre  Utot  erf  grata  KurAice  per  hictur  . . . . ......... .poimds. .  i 

EqulvalBQt  waio^r  ovaporateNi  p&r  S4Uaii&  loot  of  wi^ter-^usaiij^  aiirfoco  per  liour  „,.«di>., . .' 

Feif  ontftge  of  railed  horappower  of  boiler  developed  ,, „,.. ...' 

Water  ft  ppjirt-ntiy  c?viipornted  per  poimd  ol  fiit?!  as  fired  ,...,.,. ..*..__.,_„._.pouiiiiia, , 

Water  cv^aporu  tt^l  frtjui  wild  at  2L2*  F.t  ] 

Perpoiiud  o£  fii«?l  us  fired  ..,.. . ...»,..., ,,.,..,,-,,,,»,,*,,,  .,._,*...,... do.., 

Per  pound  of  dry  f ticl  ._,.„,.*,  ^ ..,*,,*.,,*...  * ^^^  .,* .  *--^*.,. „,  ,.*^,, . , do. . . 

Fer  pound  of  o^joibimtiblf .._ .  .^  ^ ,^^^^.^. ,  .^-  ^** .  *  ^^^^,.  *  *  ,^,,^do. . . 

EfllciencA'  of  bonur-  Loefoding gratii  ,.,,.,,.„,.,.. -.__^ pei  iwat. 

Fuel  aa  flrrd: 

Fc*r  tndlii^ated  horsejMjwer  hour, . , *, . ..,.,, ._,^ ^-^ po^sadt. 

Fer  nlectrinttl  boratfiKiwer  hour .^. . . »»........  *.,....* ...._. ,.  _, .  ,ifo. ,. 

Dry  tutiV. 

Fflr  liidlcAted  bonvdpoirer  liour. . ,..,,, ,  -,...., .,..,. , ,.  ^,.  _,,.*, , .  ^do.,^  _ 

Per  ©leotriciil  liorwpowar  hour. .......  -..,-.  -*wi. .  .*,..  ..^ ,.,..,...... .dO— .  ^ 


a  17 

ioa.7 
e.41 

7.7a 
a» 

4011 


I 


RfimirH. — Te«t  madt*  on  English  !>iTqu<?ts  from  teffts  225  and  226  t>qtml  parte!. 
Fuel  burned  slowly  with  hot  fire,  iiiediiin)  llame,  and  noemoke;  40  per  cent  clinker. 

FBOBUCEB-QAS  TEST. 
Illinois  No.  30  (waafeeilj. 


Test  157. — Duration  of  test,  50  hours.     Average  electrical  horsepower,  199;  average 
B.  t.  u.  per  cubic  foot  of  gas,  154.4;  total  coal  fired,  16,200  pounds. 


Coal  consumed  in  producer  per  horsepower  hour  (pounds). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switch  board 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


Equivalent  used  by  producer  plant  (pounds). 


Per  electrical  horsepower: 

Commercially  avaiUible 

Developed  at  switch  board  . 
Per  brake  norsepowcr: 

Commercially  available 

Developed  at  engine 


Coal  as 
fired. 


Dry  coal. 


Combus- 
tible. 


1.69 
1.63 


1.44 
1.38 


1.78 
1,71 


1.51 
1.45 


1.60 
1.54 


1.30 
1.31  I 


1.68 
1.61 


1.43 
1.37 


1.44 
1.38 


1.22 
1.17 


1.51 
1.45 


1.28 
1.23 


Analyses. 


Coiil. 

Moisture 5.  59 

Volatile  matter 39.  ;iO 

Fixed  carbon 45.  45 

Ash 9.  (W) 

Sulphur 3.  37 


Qas  by  volume. 

Carbon  dioxide  (COj) 9. 3 

Carbon  monoxide  (CO) 19.  6 

Hydrogen  (llj) la  8 

Methane  (Cll 4) 2.  0 

Nitrogen  <\2) 54.  7 

Ethylene  (C2II4) 6 


TESTS — ILLINOIS. 
WASHING  TESTS. 

Illinois  "No.  30. 
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Duration  of  test hours. 

Size  as  used .  .through  screen 
Jig  adjustment: 

Make  or  number 

Speed r.  p.  m . 

Stroke Inches. 


Test  190. 


2^inch. 

Stewart. 
35 


Test  190a. 


1-lnch. 

Special.  I 
70 
2i 


Raw  coal tons. 

Washed  coal /^■■^"•i; 

I^'"» fcni: 


Test  190. 


Test  190a. 


15 

11.60 

77 

3.40 

23 


12.45 

10.1 

81 

2.35 

19 


Analyses. 


Sample  test^. 


Raw  coal,  car  sample 

Waahedcoal {teJt  IsSi: 

Refuse,  test  190a 


Lab.  No. 


4364 
4379 
4621 


Moisture 


11.69 
12.36 
13.67 
11.22 


Ash. 


Percent. 


13.19 
9.44 
7.89 

46.50 


Per  cent 
reduc- 
tion. 


28.3 
40 


Sulphur. 


Percent 


4.38 
3.26 
3.15 
9.50 


Per  cent 
reduc- 
tion. 


25.6 

28 


Float  and  sink  tests. 


Size 
used 
(inch). 

Specific 
gfravity 
of  solu- 
tion 
used. 

Percentage  of 
float- 

Sink 
(per 
cent). 

Analyses. 

No.  of  test. 

To  ref- 
use. 

To  to- 
tal sam- 
ple. 

Ash. 

Sulphur. 

Per 
cent. 

Per 
cent 
reduc- 
tion. 

Per 
cent. 

Per 
cent 
reduc- 
tion. 

On  raw  coal  (preliminary) : 

1.36 
1.41 
1.47 
1.56 

1.36 
1.40 
1.45 
1.51 

15.8 
20.18 
29.90 
33.50 

73 

84 
88 
90 

2.98 
4.13 
5.63 
6.31 

27 
16 
12 
10 

7.10 
8.69 
8.98 
9.59 

8.00 
11.30 
12.00 
14.60 

46 
34 
31 
27 

........ 



3.29 
3.29 
3.33 
3.41 

3.12 
3.42 
3.43 
4.63 

23 

2 

23 

3             

23 

4 

22 

On  refuse  (float)a  of  test  190a 
1 

2 

3 

4 

o  Loss  of  good  coal  2.98  per  cent. 


BBIQXJETTING  TESTS. 

Illinois  No.  30  (nut,  washed). 

Tests  225,  226,  228. — Size  as  used:  Over  J  inch,  2  per  cent;  ^  inch  to  }  inch,  7 
per  cent;  ^  inch  to  ^  inch,  17.4  per  cent;  ;fV  i^^h  to  t}^  inch,  20.8  per  cent;  through 
^j  inch,  52.8  per  cent.  Briquets  satisfactory;  had  a  hard,  rough  exterior  and  broke 
with  a  rough,  uneven  fracture,  with  crumbly  edges.  All  briquets  had  a  bluish  color 
and  fracture,  which  showed  an  excess  of  pitch.  The  Renfrow  briquets  showed  insuf- 
ficient pressure.  For  analysis  of  briquets  from  tests  225  and  226  see  page  115  (steam- 
ing test  511). 
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lfaf3^jiic*  luod-" ..,  ,.,.^  »„,«,».. ,.,..^^.. i.._».,,.^,^ 

Temiwmture  ol  briqil^tai _ . , „ /.  .*F^ 

Binflnr— 

Kind............... , .-,.,.,.„.„„ 

Liiboratory  No*  (leep.  4C5  .,,.„. ..........,„„.,„ 

Amount , ..^._ ,  „ wr cant. 

Woiriit  of- 

Vxn*i  briqiietted ..  ^  ..,.......,....*,*,,,,...  ,^ ....... .ponndi). 

DriqiK'tM,  ftynmiffn  ...*. , ...._...„dQ--- 

Heat  ViUiio  jmit  pound— 

Fuel  fl*  reeeivwd ,.. ...,-^^,,../,,*.*,,_,,^„B,  t.  u, 

Ftjcj  as  fired. ,...,..,,, *_.*.....-_•. ,..._ ..do... 

Binder *__._ ,-_,,*_._^,, ,.do„, 

DroptoAt  (Hncti  »CPeen>: 

ndd.„.... ,  ^*. «-,,.,»...*.,.,**. per  oenit- 

Passed..  *,.,.r,.. **..■........-,..,..,,,_ do.., 

TiUJibl*?r  test  l^inch  8icreen>r 

Held., ,,...-,,..* .-_ -._„........ , d$... 

Pansi^  (ftntfl) ....... ....,*d6... 

Fines  throiigb  lO-mt^s^  9ftcv<0 .  .*,..... .  .do. .. 

Watflr  abiiorption: 

In  13  days .... .......do... 

In  23  drtys..,.„..,.  ....,..,....„.. ....do.., 

Avfjragi'  forfirrt  Sdaya ..,,...,,,^_ _..... do. i. 

Sppciflc  gravity  CapparentJ  ....*... ....__.,.....,. ..... ........ . 


Tvst 

2^. 


Te«t 
236. 


Eog.  I 
18&  I 

0  I 


6.000 

3.ao 

11,021 

11,»77 

80.3 

241 
eSLft 

8.S  ' 


7 
3.4S 

ii^tai 

11,977 
Bl.5 

mo 

31.0 
«$.0 


1.31)  ' 
1.0^  I 


LOIS  I 
LOSD  , 


Teat 

228. 


Rent. 

US 

w.  e J. 
as 

1U9Q1 

1«,§M 

17.0 
510 

17.  S 
05,0 


1«.2 
2.10 
1.066 


Extractimi  anal^ies. 


ntrh. 


Fnol. 


Briqiwtd, 
235,226, 


Laboratary  No , , , , ...........,......,*,,...,.._..„„  ^ ,, . 

Air-drvinE  Ios*i , , — per  cent. 

Extracted  bv  CS|: 

Alr-Hlrie4 ,  .do. , , 

x\s  recBl  vwi  .*.,..,, .*.,..*,  ^  ^  -  *  -  - .  *  * . ^  »do*  * , 

FJtch  in  brfquetfl,  a^  moeived....... ........do.... 


»6.oa 


4364 
a.  70 


47H 
5.30 

G.5i 


IlililJ^OIS  XO.  31. 

Bituminous  coal  from  bed  No.  6  at  Warden,  St.  Clair  County,  on 
the  Wabash  Railroad,  was  designated  Illinois  No.  31.  The  coal,  as 
worked  at  a  depth  of  300  feet  at  this  place,  averages  6  feet  8  inches 
in  thickness. 

One  sample,  shipped  under  the  supervision  of  K.  M.  Way,  con- 
sisted of  screenings  over  a  l}-inch  shaking  screen,  and  was  used  in 
steaming  tests  (on  briquets)  489  and  491,  and  briquetting  tests  185, 
186,  224t,  and  237t. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
4250  was  taken  1,000  feet  southwest  of  the  shaft,  where  the  coal 
measured  5  feet  10|  inches  in  thickness.  Sample  4251  was  taken 
1,600  feet  north  of  the  shaft,  where  the  coal  measured  7  feet  5 J  inches 
in  tliickness. 


TESTS — ILLINOIS. 
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CHEMICAL  ANALYSES. 

Illinois  No.  31. 


Mine^mples. 

Car 
sample. 

Steaming  tests.o 

Briquettlng  tests.& 

489. 

491. 

224t. 

237t. 

Laboratory  No 

4250 
8.00 

13.17 
34.79 
41.75 
10.29 
3.22 

4251 
9.40 

14.38 
33.92 
42.95 
8.75 
3.13 

4376 
9.70 

13.10 
32.16 
41.49 
13.25 
3.66 

5.44 
57.31 

1.03 
19.31 

4382 

4397 

AiiMirying  loss 



Proximate: 

Moisture 

14.52 
33.74 
39.40 
12.34 
3.36 

4.68 
67.91 

1.12 

7.92 
14.44 

3.93 

10.81 
33.72 
42.74 
12.73 
3.50 

4.54 
67.31 

1.04 

8.92 
14.27 

3.92 

9.17 
33.03 
43.90 
13.90 

3.90 

4.33 

66.14 
1.01 
8.93 

15.30 
4.29 



6.98 

Volatile  matter 

35.21 

Fixed  carbon 

42.85 

Ash 

14.96 

Sulphur 

3.78 

TJltimate: 

Hydrogen 

3.57 

Carbon     

59.48 

Nitrogen 

.83 

Oxvfiren.-..            ... 

5.67 

Ash 

! 

25.03 

S  ulphur 

5.42 

Calorific  value  deter-fcalories. 

6,032 
10,858 

5,774 
10,363 

mined  (as  received)  JB.  t.  u. . 

1                   ' 

1                   i                   1 

a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample, 
b  Proximate  analysis  of  fuel  as  received;  ultimate  analysis  on  dry  basis. 

STEAMING  TESTS. 
Illinois  No.  31  (briquets). 


Test  491. 


Duration  of  test hours. . 

Heating  value  of  fuel B.  t.  u.  per  pound  dry  fuel. . 

Force  of  draft: 

Under  stack  damper.' inch  water. . 

Above  fire do 

Dry  fuel  used  per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per 

hour pounds. . 

Percentage  of  rated  horsepower  of  boiler  develoi>ed 

Water  apparently  evaporated  per  pound  of  fuel  as  fired pounds. . 

Water  evaporated  from  and  at  212^  F.: 

Per  pound  of  fuel  as  fired pounds. . 

Per  pound  of  dry  fud do 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate per  cent. . 

Fuel  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  dectrical  horsepower  hour do 

Dry  fuel: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


9.75 
12,335 

0.87 

.20 

21.65 

3.56 
100.0 
6.09 

7.35 
8.24 
9.77 
64.51 

3.85 
4.75 

3.43 
4.24 


Remcarhs. — ^Teet  489  on  briquets  from  test  186;  test  491  on  briquets  from  test  185: 
Fuel  gave  good  results  with  thick  fire;  burned  with  a  medium  long  flame,  and  gave 
2  per  cent  black  smoke.  Renfrow  briquets  gave  47  per  cent  and  English  briquets  45 
per  cent  clinker;  brittle,  porous,  dark-gray  color,  and  did  not  stick  to  grates. 

BBIQXJETTIKG  TESTS. 

Illinois  No.  31  (screenings). 

TesU  185,  186,  t24\,  j?iJ7t.— Size  as  used:  Over  J  inch,  3  per  cent;  jV  inch  to 
J  inch,  8.5  per. cent;  ^  inch  to  ^^  inch,  17  per  cent;  :}^  inch  to  ^V  inch,  24  per  cent; 
through  j^  inch,  47.5  per  cent.  Briquets  were  porous,  with  soft  surfaces,  rough 
fracture,  and  easily  crumbled  edges.    English    briquets   were   handled  from  ma- 
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chine  witliout  breaking.  Reufrow  briquetB  were  not  Bwtiafactoiy,  owing  t-o  low  pr^-  i 
iure.  This  should  b<?  a  good  briquet  ting  coal,  although  dirty.  For  analyses  of  bri- 
quets 9e.^  page  119  ^  briquets  from  test  IHb  nndur  '*  Steaming  test  491/ '  from  tt^  186 
under  "  Steamhig  tt^t  489) .'  * 


I 


r 


llatliiiiei  uuM .,..,...^..,. ., ,_,. 

Tempei^tuie  of  briquetK^....,..., .,^"F.. 

Binmt— 

Kind.... . 

Lubotatofy  No*  (see  p.  4K*J, .*,,_.*, .,..*, 

Amount,,  „......,.. iiereent, 

Wetojito*- 

FDfll  bii(^uG(tt0d* .. . ..... ...... ,.^ ^pemnda, 

Brlquetii,  iiv^M'figt?,.,,... -,..,*.,.,.--,, ...do.., 

Heat  Vwue  per  poinid — 

FtiBl  A9  fired .> — .. ,..,,do„, 

Binder. , , , „.,_,.,-, ............ ...  ..do — 

Drop  t^^At  (l-Loch  Acreca^: 

Hijel,„,,w, ,.„,.,,.. .,*,.,. ,.... per  cent, 

Paasod........-....-^ ^ ,_,,,.,..,,, do.*., 

Ttwubler  t<jjst  (1-tach  flcroemj: 

Held... ....._ do.,.. 

Pajfti'd  (fiivrja) ..  „.,.,„.. *„„..,-,.,.,..,..».. do. 

Fines  through  ID^uicsh  HH}VB,.,..>*ir--..>^^>'......'*«do.,., 

Woatlierir>g  twit: 

Tluifi  expoitecl . . . - .,,,da3rs 

Condition.., ,,  ,.,v.* .,,,.,,... 

Wfltef  abscirptlon: 

In  IS  days , .,_..., , ........ per fsent. 

In  13  dflya. ,- ,..30.,, 

Avorago  for  ftrat  S  d*y«.. ,  * . . . . ., .. . — .— .. . . ., ,. .do. . , 
SpeoLAc  graTtty  (apparent) , ., ,. ^ . > -^ . . . . . . ,, 


Teit  IBS. 


te«t  IfiS, 


w-  e.  p. 

7  ' 

54.^ 

11 


7 

a,T7 

10.303 
10,517 

79.7 

75.7 

10 
A. 


Ta»t224tJTert2t?t. 


ll^ttfK) 

10,921 

24,2 
7£.B 

43.3 
5a.7 


LI44 


7.4 

i.«r 

1,161 


Extraction  analyses. 


'  4^ 


10,000 
0,442 

I0,3»a 
11.16S 
15,364 

34,5 

65.5 

BI,5 


13,1 


I 


■ 

Pitches. 

Fuel. 

Briquet^ 

Test 
185. 

Test 
186. 

Test 
224t. 

Test 
237t. 

Laboratory  No 

4543         4G83 

4806 

4376 
9.70 

.49 
.44 

4397 
8.00 

7.07 
6.50 
6.11 

4382 
11.10 

6.99 
6.21 
5.86 

4830 
4.70 

7.05 
6.72 
7.08 

4890 

Air-drying  loss      per  cent . . 

2.80 

Extracted  by  CSj:                                i              1 

Air  dried      do..   .' ' 

7.80 

As  received do 

Pitch  in  briquets,  as  received,  .do 

99. 6()  1    89.31 

96.90 

7.58 
7.41 

IlililXOIS  XO.  33. 


Bituminous  coal  from  bed  No.  7  at  Trenton,  Clinton  County,  on  the 
Baltimore  and  Ohio  Railroad,  was  designated  Illinois  No.  33.  This 
coal,  as  worked  at  a  depth  of  320  feet  at  this  place,  averages  5  feet  3 
inches  in  thickness. 

One  sample,  shipped  under  the  supervision  of  K.  M.  Way,  con- 
sisted of  screenings  tlirough  a  1  V-inch  shaking  screen,  and  was  used  in 
steaming  test  513  and  briquetting  tests  206,  207,  210,  and  235t. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  4384 
was  taken  1,800  feet  west  of  the  shaft,  where  the  coal  measured  5  feet 
6  inches  in  thickness.  Sample  4385  was  taken  2,000  feet  northwest 
of  the  shaft,  where  the  coal  measured  5  feet  in  thickness. 


TESTS — ILLINOIS. 
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CHEMICAL  ANALYSES. 

Illinois  No.  33. 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter.. 

Fixed  carbon 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Ash. 


Sulphur 

Calorific  value  determined  (as  received) {^^  t"u* 


Mine  samples. 


Steam- 
ing test 
513.a 


4384 
4.70 

14.45 
29.76 
46.16 
9.63 
2.09 


4385 
4.80 

15.06 
29.48 
45.81 
9.65 
1.05 


4728 


5,959 
10,726 


11.50 
25.44 
42.37 
20.69 
1.52 

3.72 
61.46 

1.02 

8.70 
23.38 

1.72 


Briquet- 
ting  test 
2St.fr 


4888 
3.90 

9.47 
28. 25 
40.75 
21.53 

1.56 

3.93 
60.07 

1.03 

9.47 
23.  78 

1.72 
5,423 
9,761 


o  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  samples, 
fr  Proximate  analysis  of  fuel  as  received;  ultimate  analysis  on  dry  basis. 

STEAMING  TEST. 

Illinoi.s  No.  33  (screenings). 


iTcst  513.0 


Duration  of  test hours. . 

ileating  value  of  fuel B.  t.  u.  per  pound  dr>-  fuel. . 

Force  of  draft: 

L'ndcr  stack  damper inches  water. . 

Al)ove  fire do 

In  ash  pit  (forced  draft) 

Furnace  temperature °F. . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour do 

Percentage  of  rated  horsepower  of  boiler  developed 


Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212°  F.: 

Per  pound  of  fuel  as  fired do 

Per  pound  of  dry  fuel do 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate per  cent. . 

Fuel  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  fuel: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


11,099 

1.01 

.10 

.34 

2.465 

26.  41 

3.23 

90.7 

4.49 

5.43 

6.13 

8.53 

53.34 

5.21 
6.  43 

4.01 
5.  69 


a  Ob  English  briquets. 


BBIQUETTING  TESTS. 

Illinois  No.  33  (screenings). 

Tests  206 y  207 j  210,  2S5^. —^ize  as  used:  Over  \  inch,  2.0  per  cent;  yV  inch  to  }  inch, 
9.8  per  cent;  ^  inch  to  ^  inch,  26.4  per  cent;  -^^  inch  to  ^V  inch,  27.0  per  cent; 
through  -^^  inch,  34.8  per  cent.  The  siurface  of  all  briquets  was  soft,  fracture  ragged, 
and  edges  easily  broken.  Greater  percentage  of  binder  had  no  apparent  effect  on 
appearance.  Increased  moisture  content  made  a  very  soft,  warm  briquet,  which 
hardened  on  cooling  with  a  harder  surface  than  those  with  less  moisture.  For  analy- 
ees  of  briquets  see  above  (briquets  from  tests  206  and  207  under  "'Steaming  test  513"). 
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TampcrAturo  of  liiiquetf  hi 


.*F. 


p^-iOj. 


Kind ^ i . . 

La*JOtTitory  No.,  {i 
Amount , ,.. 

Wt^lRht  ol— 

F\tp1  briquetted . . .._ 

Brtqtietft,  averiige. .  „ . , , 

np-at  vmup  per  poijiul — 
Ftiel  fte  remv«d ....,_-.,. 

Final  as  flrod ^^ .. . . ^ 

Bitidfir ,. ,,,  i  _ 

Drop  lOflt  {I'tubhBQTQeiijp 

ll*"lii..,_,.„, _. 

PasacNl ..„..,.... 

TumhkT  tflst  (1-1ik;1i  screen): 

HfUd,..., 

Passed  (fiiiBa)  * , » . 

Water  absorption: 

lo  10  days , 

Avcr&gp  for  first.  3  days. ... . 


Twtaoe.  Tfl^taorr, 


..fXdo.„ 


B.t,u. 

...do.„. 

_„,„.do..„ 


.do. 
.do. 

..do. 


..do. 
-do. 


1 

§,000 

■    4.07 

6B.0 

&&« 

3.3 


T«rt210. 


Tpfft  SiVf- 


ft 

7, ceo 
I.J2 

7,034 

l«*S37 

0013 

mi 

D.4 
3.40  I 


158 


-fi& 


0.471 

t«,iti7 

74.5 
2S.5 

94.0 

I 
1.233  ; 


167 


w.gj 


0.484 

9,7fil 
tO,S64 

S^5 
10.  d 
M.7 

1.70 


aNotevL 


Exirac^Qfn  ana^j^gea. 


Tjaboralory  No.^..., , 

Alr-<lryliip  Ion*, , . 

Air-fliiPii 

Ai  rPOBircd ...,.,,.....,... 
Pi.ch  in  briquets,  us  nweivcd^ 


.per  cent^ 


.do-,., 
.do..., 
.do.... 


Pltohi^. 


SP,3l 


M^90  I 


l,»D 


0,20 

o.aa 


Briqiwte, 


Tfeit  aoft.  Tear  SaH. 


4728 

4.03 
£.23 


7,fi(! 
7.42 
7,40 


IL.L.IXOIS  ISO.  34. 


Bituminous  coal  from  bed  No.  5  at  Harrisburg,  Saline  County,  on 
the  Big  Four  System,  was  designated  Illinois  No.  34.  The  coal,  as 
worked  at  a  depth  of  165  feet  at  this  place,  averages  7  feet  1  inch  in 
thickness. 

Two  samples  were  shipped  under  the  supervision  of  K.  M.  Way,  as 
follows:  Illinois  No.  34  A  consisted  of  screenings  over  a  IJ-inch 
shaking  screen,  and  was  used  in  washing  test  196.  Illinois  No.  34  B 
consisted  of  run-of-mine  coal,  and  was  used  in  steaming  test  509, 
washing  test  197,  and  coking  test  190. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  4413 
was  taken  2,000  feet  southwest  of  the  shaft,  where  the  coal  measured 
7  feet  3  inches  in  thickness.  Sample  4414  was  taken  1,000  feet  north 
of  the  shaft,  where  the  coal  measured  6  feet  11  inches  in  thickness. 


TESTS — ILLINOIS. 

CHEMICAL  ANALYSES. 

Illinois  No.  34. 
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Mine  samples. 


Laboratory  No 

Air-diTring  loss 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon... 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

XS.^" 


4413 
4.20  ' 


4414 


7.55  1 

7.51 

33.85 

32.81 

51.45 

52.20 

7.15  , 

7.48 

1.56 

1.58 

Car  saraples. 


A. 

4636 
6.60 

9.33 
30.92 
47.86 
11.89 

2.76 

5.12 
62.85 

1.29 
16.09 


Steam- 
ing tost 
B.  509.a 


4622  I 
5.80 

7.8.  f 
33.54 

.  .50. 27  ' 

8.38  : 

2.36  ; 

5.31 

67.40  I 

1.44  I 

15.11  I 


Sulphur. 


Calorific  value  determined  (as  received  ).{^^^^^jj^'| J'^ 


6,429 
1\572  I 


6,899 
12.418 


a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
STEAMING  TEST. 
Illinois  No.  34  B  (run  of  mine). 


(i.  of) 
.34. 15 
51.  .57 

2!  17 

4.87 
74.00 
1.58 
8.98 
8.26 
2.31 


Size  as  used: 

Over  1  inch per  cent 

i inch  to  linch do.. 

I  inch  to  i  inch. . .  .*. do. . 

Under  J  inch do.. 

Average  diameter inches 

Duration  of  test hourvS 

Heating  value  of  coal B.  t.  u.  per  pound  dry  coal 

Force  of  draft: 

Under  stack  damper inch  water 

Above  fire do . . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour do. . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coalas  fired pounds 

Water  evaporated  from  and  at  212*  F.: 

Per  pound  of  coal  as  fired do. . 

Per  pound  of  dry  coal do. . 

Per  pound  of  combustible do. . 

Eflteicncv  of  boiler,  including  gra.e per  cent 

Coal  as  fured: 

Per  indicated  horsepower  hour pounds 

Per  electrical  horsejiower  hour. ." do. . 

Dry  coal: 

Per  indicated  horsepower  hour do. . 

Per  electrical  horsepower  hour do. . 


44.3 
22. 8 
13!  4 
19.  o 
1.23 
9. 00 
13.«i21 

0.H3 

.  22 

•21.  ?A) 

3.79 
l(Hi.2 

«').  80 

8.  24 

8.  82 

9.  79 
62.  53 

3.  43 

4.  24 

3.21 
3.96 


WASHING  TESTS. 

Illinois  No.  34. 


Test  196    Test  197 
(A).  (B). 


Duration  of  test hours.. |            4J  2 

Size  as  used,  .through  screen. .      1  inch.  |  1  inch. 
Jig  adjustment: 

Make  or  number |  Special.  1  Special. 

Speed p.m..!            70  70 

Stroke inches..            2J  2.i 


Raw  coal tons. 

^'"hedcoal {^f^- 


Test  196 
(A). 


Test  197 
(B). 


24.65 
19.55 

80  I 
5.10  I 

20 


11 


14 
8 
85 
2.  19 
15 
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LAb.No, 

MOlB- 
tUTIG. 

AfitL. 

Sidphur. 

8Am^  tedtud. 

fercMrt;. 

raduo- 

pBreant, 

Ptorcent 

reduo- 

tJoiL 

RawcOiuJ,  ca^r  eiimplo ^-,^»..- 

4709 

U.33 
ft.  29 
10.13 

77.44 
58.13 

'       61.00 

2.19 
ll.fil 

i&«e 

A- 

Washed  coJii,  test  ltt6_. _„..„,. 

37 

21 

Ueluse.... ....t....„.,,,,... 

W aaht^d  coiil ,  lest  IffT ......  i .. . 

1602 

H 

21 

2fi 

Refuse.^ ..,.„.^- _,,- 

Pioat  and  mnk  tc^ls. 


Site 
Ont'h). 

flOlU- 

used. 

of  flOAt-- 

Sink 

Analyipa. 

Aih. 

BtidphUT. 

To  Jf^E- 

To  to- 
tal 

No.  ofteflt. 

cent 

Pter 

ami. 

Per 

rediw- 
llon. 

On  mM 

A  ■ 

B  ■ 

"-coAl  tp™ilinl*wiTy J : 

,1 

1 
1 
1 

L3e 
1.4i 
I.4fi 

t41 

1.4fi 
1.M 

1.41 
L4S 

1.35 
1.40 
1.45 

12.10 
13. U 

52 
JS5 

84 
BS 

go 

W2 

m 
m 

03 

a2 

2.  SI 

2.^ 

2,B6 
3.4.1 
7- SO 
8.14 
fi.GO 

Ifi 

12 
10 
S 

15 
10 

€.07 
&12 
7.06 
7.10 
5,91 
fl.15 
6.20 
7.33 

7.7S 

11.  ai 

6,27 
6.99 
7.40 

4ti 
4S 
41 

40 
29 
27 
20 
14 

1.8S 
2as 

1.07 
1.71 
l,M 
l.ttH 
2.17 

2.06 
3:33 
2  45 
a  05 
3,3tf 

2.at> 

2.7& 

M 

L .......  ..  .,... 

34 

1, _, „ 

21 

k.^ 

29 

28 

,..,_,. ,_. 

L.__ ,.„,.. 

31 

29 

t                ,  i.^    ^  .  . 

e 

laitfli»t); 

2:::';"::::'::::':" 

Ai 

3 .,„„„ , 

4„. ._._-. .... 

t „._ 

Bfr^ 

2 ,„_ _,.,„ 

3_._ 



o  Loss  of  good  coal,  2.52  per  cent. 

f>  Figures  indicate  that  dner  crushing  is  advantageous.  Loss  of  "good  coal"  in  the  refuse  will  not 
exceed  1.75  per  cent.  By  "good  coal"  is  meant  all  coal  of  a  quality  equal  to  or  better  than  that  of  the 
washed  coal. 

COKING  TEST. 

Illinois  No.  34  B  (run  of  mine). 

Test  190. — Size  as  used,  washed,  finely  crushed.  Duration  of  test,  51  hours.  Coal 
charged,  12,980  pounds.  Coke  produced,  0,523  pounds;  50.25  per  cent.  Breeze 
produced,  316  pounds;  2.43  per  cent.  Total  yield,  52.68  per  cent.  Coke,  light 
gray  and  silvery.  Yield  low  on  account  of  burning  to  obtain  heat;  could  be  easily 
increased  on  better  acquaintance.     Good  coke,  Init  sulphur  a  little  high. 

Analyses. 


Coal. 


Moisture 

Volatile  matter 
Fixed  carbon.. 

Ash 

Sulphur 


Coke. 


9.91 

0.19 

.33.  3.3 

.35 

5().  05 

87. 91 

0.11 

11.55 

1.75 

1.48 

TESTS INDIANA. 
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INDIANA.  - 

INDIANA  NO.  l.o 

A  sample  of  bituminous  screenings  (through  1-inch  screen)  from 
Mildred,  Sullivan  County,  on  the  Evansville  and  Terre  Haute  Rail- 
road, was  designated  Indiana  No.  1  B.  This  sample  was  used  in 
biiquetting  test  217*f . 

CHEMICAL  ANALYSES. 
Indiana  No.  1  B. 


I  Briquetting  I 
test  217*t.a  il 


Proximate:  ' 

Moisture 8. 29 

Volatile  matter 30. 56 

Fixed  carbon 47. 01 

Ash 14. 15 

Sulphur 2. 38 


Ultimate: 
Hydrogen 
Carbon... 
Nitrogen. 
Oxygen... 

Ash 

Sulphur. . 


Briquetting 
test  217*t.« 


4.43 
G8.76 

1.19 

7.59 
15.43 

2.60 


a  Proximate  analysis  of  fuel  as  received;  ultimate  analysis  on  dry  basis. 

BBIQUETTING    TEST. 

Indiana  No.  1  B  (screenings). 

Test  217*^. — Size  as  used:  Over  J-inch,  5.0  per  cent;  i^-inch  to  }-inch,  12.4  per  cent ; 
Tj^-inch  to  T^i^ch,  22.4  per  cent;  :fVinch  to  ^'^j-inch,  23.4  per  cent;  through  ^^i^^h, 
36.8  per  cent.  Briquets  with  8.5  per  cent  binder  on  Renfrew  machine  satisfactory 
when  fuel  was  very  dry;  excess  of  moisture  made  a  briquet  that  was  soft  when  wann 
and  crumbled  easily  when  cold.  Briquets  had  a  porous,  dull  surface;  rough  fracture 
with  ragged  edges,  but  tough  and  hard,  producing  a  small  amount  of  slack  in  handling; 
showed  no  evidence  of  sticking  together  when  piled  warm. 


Details  of  manufacture: 

Machine  used Renf . 

Temperatore  of  briquets **F..  141 

Binder- 
Kind w.  g.  p. 

Laboratory  No.  (see  p.  40) 4G83 

Amount.. percent.-  8.5 

Weight  of- 

Fuel  briquetted 88,000 

Briquets,  average per  cent . .  0. 485 

Heat  value  per  pound- 
Fuel  as  received B.  t.  u..  9,866 

Fuel  as  fired do. . . .  11, 444 

Binder do....  16,637 


Drop  test  (1-inch  screen) : 

Held per  cent. .  54. 5 

Passed do 45. 5 

Tumbler  test  (1-inch  screen) :  i 

Held do. ...  80. 5 

Passed  (fines) do '  13. 5 

Fines  through  10-mesh  sieve. .  .do 95. 0 

Water  absorption:  | 

In  22  days do. . . .  14. 0 

Average  for  first  5  days do j  1. 92 

Specific  gravity  (apparent) I  1.114 

I 


Extraction  analyses. 


Laboratory  No 

Air-drying  loss por  cent. 

Extracted  by  CSt: 

Ai  r-d  ried do... 

As  PBoeived , do . . . 

Pitch  in  briquets, as  received do. . . 


Pitch. 


4683 


Fuel. 


Briquets, 
teHt217*t. 


4590  I 
13.90 


.81 
.(■)9 


4(^80 
3.JX) 

7.35 
7.08 
7.21 


a  For  Other  tests  of  fuel  from  this  mine,  made  during  1904,  see  Bull.  T'.  S.  Geol.  Survey  No.  2r.l.  1905, 
pp. 38. 80, 94, 110, 123,  and  164;  and  Prof.  Pai^r  U.  S.  GpoI.  Survey  No.  48, 1906,  pp.  63,212,  473.  10«i8, 
1336, 1438.  and  1463. 
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REPORT   U-    S.    FUEL-TESTING    PLANT,   1&06-7, 


II^T>IAXA  HO-  5,0 

A  sample  of  bituminous  screenings  (through  I J -inch  bar  screen) 
from  H}'7neraj  Sullivan  County,  on  the  Evausviltr  and  Terre  Haute 
Railroad,  was  designatetl  Indiana  No.  5  B,  and  way  used  in  briquet- 
ting  tests  229*  and  230*1- 

CHEMICAL  ANALYSES. 
Indiana  No.  5  B. 


Brfqui3ttlii£  te^A.i  1 

BiSqtiettliiff  t«fi£B.> 

229*. 

7.27 
37.  73 
M.37 
10  63 

1.29 

aaon-    1 

229*, 

asfttr. 

6.34 
37,5Ci 
4i74 

4  76 

Ultinmte? 

€a47 

n.« 

4.  Its 

Vol&tlle  mftttex* *  --^  * , . 

Carbon -.,, 

Nitrogen, ., , , ,. . 

ti8.00 

Ftx^cubon  ^     m. 

tio 

Asii**,,     .  ......  ..„„ 

%.m 

Sulptiiir. ,..,^..,,.,, 

Sulphur..,  _„,„ „.. 

12.18 

B^OA 

ti  tfusiiDAte  axuily^A  of  fud  na  wce-lYtdy  ultinmte  oiuily^fi  on  d,iy  biMts. 

BRIQUETXING  TESTS. 

Indiana  Hq,  5  B  (scrfeimiagei). 

TcMt*  ttS^  fsnd  f5iff*t- — ^i^x^  ^^  iiswL  Over  \  incli.  1  ppr  (>ent;  ^  inch  to  }  Inch,  5*6 
per  cent;  ^  inch  to  V^  inch,  ILS  per  cent;  ^  inch  to  J^7  inch,  20.4  pel*  cent;  through 
^  inchj  CL2  pi*r  cent.  Thi*  hriqut^ts  wim*  idf-ntiral  in  chara<*ter  with  those  made 
from  Indiana  No.  1  B  (p.  125)  and  Indiana  No.  6  B  (p.  127). 


Test 
229*. 

Test 
230*t. 

1      Test 
229*. 

Test 
230*t- 

Details  of  manufacture: 

Machine  used 

Eng. 

176 

w.  g.  p. 

4806 

7 

24,000 
3.69 

10,822 

Renf. 

Details  of  manufacture— Con. 
Hftflt  vaiiifl  nor  nniind — 

16,864 

81.6 
18.4 

79.3 
20.7 

72.6 

7  4 

Temperature  of  briquets, 

op 

Con. 
140                     Binder B.  t.ii.. 

16,864 
50  0 

Binder- 
Kind 

w.  g.  p. 

4806 
9 

30,000 
0.424 

10,822 
12,046 

Drop  test  (1-inch  screen): 

Held per  cent.  - 

Passed do 

Tumbler  test  (1-inch  screen): 

Held per  cent . . 

Passed  (fines) do.... 

Fines   through    lO-mesh 
sieve percent.. 

Water  absorption: 

In  13  days do 

Laboratory  No.  (see 
p.  40) 

50.0 

Amount . .  .per  cent. . 
Weight  of- 

Fuel  briquet  ted, 
pounds 

81.5 
18.5 

92.3 

Briquets,  average, 
pounds 

Heat  value  per  pound- 
Fuel  as  received, 
B.  t.  u 

In  23  days do ' 

13.8 

Average  for  first  5  days, 
!            per  cent 

1.20 
1.078 

1.86 

Fuel  as  fired- B.  t.  u.. 

11,945 

Specific  gravity  (apparent) . . 

1.097 

Extraction  analyses. 


Pitch 


Laboratory  No 

Air-drying  loss per  cent. 

Extracted  by  CSj: 

Air-dried • do. 

As  HHjeived do. 

Pitch  in  briquets,  as  reaived do. 


Briquets. 


Test  229*. 


Test 
230*t. 


4822 

6.87 
5.82 

8.50 
7.52 

o  For  other  tests  of  coal  from  this  mine,  made  during  1905,  see  Bull.  U.  S.  Geol.  Survey  No.  290, 1906, 
pp.  103-102. 


TESTS INDIANA. 
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Bituminous  screenings  (through  IJ-inch  bar  screen)  from  vein  No. 
4  at  Hymera,  Sullivan  Coimty,  on  the  Evansville  and  Terre  Haute 
Railroad,  were  designated  Indiana  No.  6  B,  shipped  uninspected, 
and  used  in  briquetting  tests  220*  and  227f . 

CHEMICAL  ANALYSES. 

Indiana  No.  6  B. 


jBriquctting  tosts.o 


Proxiinftte: 

Moisture 

Volatile  matter 
Fixed  carbon.., 

ABh 

Sulphur 


Briquetting  tests.o  ; 

220*. 

227t.      , 

5.84 

1 
5.72 

38.08 

37.83 

44.22 

43.16 

11.86 

13.29 

4.49 

4,87 

! 

220*. 


227+. 


Ultimate: 
Hydrogen. 

Carbon 

Nitrogen.. 

Oxygen 

Ash.. 

Sulphur 


5.04 

4.76 

70.61 

C().48 

1.14 

1.07 

5.85 

8.42 

12.59 

14  10 

4.77 

5.17 

a  Proximate  analysis  of  fuel  as  received;  ultimate  analysis  on  dry  basis. 

BBIQUETTING  TESTS. 

Indiana  No.  6  B  (screenings). 

7V«te  220*,  ^?7t.— Size  as  used:  Over  J-inch,  1.2  por  cent;  yVinch  to  ^inch,  5.6 
per  cent;  ^  inch  to  ^^  inch,  10.2  per  cent;  ^V  i^^^  ^^  jV  inch,  20.4  per  cent; 
through  :^  inch,  62.6  per  cent.  Renfrow  briquets  were  similar  to  those  made  from 
Indiana  1  B  coal.  Seven  per  cent  binder  gave  satisfactory  English  briquets  wlicn 
coal  was  thoroughly  dried;  otherwise  briquets  were  soft  and  easily  broken  when  cold. 
Briquets  were  soft  and  spongy  when  warm,  although  cohesive  enough  to  be  handled 
without  breaking.  When  cold  they  became  tough  with  porous  surfaces,  rough  frac- 
tures, and  ragged  edges. 


Test 
220*. 

Test 
227t. 

Test 
220*- 

Tost 
227t. 

Details  of  manufacture: 
Machine  used 

Renf. 

140 

w.g.p. 

4806 
8.5 

64,000 
a484 

10,987 
12,132 

Eng. 

168 

w.g.p. 

4806 

7 

8,000 
3.84 

10,987 
11,839  1 

Details  of  manufacture— Con. 
Heat  value  i)er  pound- 
Con. 

Binder B.t.u.. 

Drop  tost  (1-inch  screen) : 

Held per  cent . . 

Passed per  cent. . 

Tumbler  test  (1-incn  screen) : 

Held per  cent. . 

Passed  (fines) do — 

Fines   through   10-mesh 

sievo per  cent.. 

Water  absorption: 

In  13  days do  . 

16,864  j 

58.5 
41.5 

84.0 
16.0 

90.0  1 

12.5 

1 
2.04 
1.083 

Temperature  of  briquets, 
op 

16, 8<)4 

Bilker- 
Kind 

&3.  7 

Laboratory  No.  (see 
p.  40).... 

10.  3 

Amount . .  .per  cent. . 
Weight  of— 

Fuel  briquetted, 
I>ound«  . . .  r .  - 

81.2 
18.8 

78. 3 

Briquets,  average, 

Heat  value  per  pound- 
Fuel  as  received, 

(1.  7 

Average  for  first  5  days, 
per  cent 

1.06 

B.t.u 

Fuel  as  fired.  B.t.u.. 

Specific  gravity  (apparent). . 

1.156 

o  For  other  tetta  of  coal  from  this  mine,  made  during  1905,  see  Bull.  U.  S.  Geol.  Survey  No.  290,  1906, 
pp.  102-10&. 
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Extraction  anal^^e^. 


Pftoh. 


FoeL 


Teit^0*,T©»t227t. 


Briqwta* 


Alr-ilfylngkifs. 

Air-dHf-d.. 


«•«««>»•»•«•'• --< 


..peroont.. 
do-... 


0Ct.fiQ 


7.00 


3,30 

s.ia 

7.M 


4872 
2.70 

7.08 
7,47 

an 


i:nt>ia:n^a  ko.  12. 

Bituminous  coal  from  HartAvell,  Pike  Comity,  on  the  Southern 
Railway,  was  designated  Indiana  No.  12.  The  coal,  as  worked  from 
ttio  outcrop  at  this  place,  averages  4  feet  10  inches  in  thickness. 

This  sample,  sliipped  under  the  supervision  of  W.  J.  Von  Borries, 
consisted  of  run-of-mine  coalj  and  was  used  in  making  steaming  testa 
299, 300,  and  310  (on  washed  coal);  producer-gas  test  99;  wasliing  test 
145;  coking  tests  108  (raw)^  109  (washed),  and  110  (washed);  and 
c  u  pol  a  test  121  ( washed  coal ) . 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
2701  was  taken  1,200  feet  nothwest  of  the  opening,  where  the  coal 
measured  4  feet  9  inches  in  thickness.  Sample  2702  wn^  taken  900 
feet  northwest  of  the  opening,  where  the  coal  measured  5  feet  in 
thickness. 

CHEMICAL  ANALYSES. 

Indiana  No.  12. 


Mine  samples. 

Car  samples. 

steaming  tests,  a 

299. 

300. 

310. 

Laboratory  number 

2701 
8.20 

n.29 
3a  35 
43.49 
6.87 
3.09 

2702 
8.50 

11.10 

37.11 

43.27 

8.52 

3.86 

2759 
6.40 

10.57 
35.03 
42.75 
11.65 
3.87 

5.40 
61.11 

1.17 
10.80 

2825 
11.00 

12.99 
34.27 
40.55 
12.19 
3.97 

Air-drjring'loss 

Proximate: 

Moisture 

12.81 
33.48 
39.63 
14.08 
3.84 

4.54 
a5.66 

1.26 

7.99 
16. 15 

4.40 

12.41 
34.12 
39.61 
13.86 
4.21 

4.54 
65.61 

1.26 

7.96 
15.82 

4.81 

12  87 

Volatile  matter 

35  85 

Fixed  carbon 

43  34 

Ash 

7  94 

Sulphur 

3.02 

Ultimate: 

Hydrogen 

5  00 

Carbon ' 

72  27 

Nitrogen 

1  39 

OxvKPn 

8.76 

Ash 

9  11 

Sulphur 

1 

1 

3  47 

Calorific  value  (as  received): 
Detennined {j^.'^'" 

6. 023 
11,921 

0,2.')9 
11,206 

0. 161 
11,090 

^nmlS^nnnlTWl^ries.. 

! 

ultimate  anal-    3  ^ 

i 

ysis J 

i 

» Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
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STEAMING  TESTS. 
Indiana  No.  12  (run  of  mine). 


Sins  as  used: 

0  ver  1  inch percent 

J  inch  to  1  inch do. . 

1  inch  to  i  indi do... 

IJnder  \  inch '. do 

Duration  of  test hours. 

Kind  of  grate 

Heating  value  of  coal .#.B.  t.  u.  per  pound  dry  coal. 

Force  of  dnlft: 

Under  stack  damper , inch  water. 

Above  fire do 

Furnace  temperature °F. 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  waler  evaporated  per  square  foot  of  water-heating  surface 

per  hour pounds. 

Percentage  of  rated  horsepoteer  of  boiler  developed 

Water  apparently  evaporated  perjpound  of  coal  as  fired pounds. 

Water  evaporated  from  and  at  212°  F.: 

Per  pound  of  coal  as  fired. .  •. do. . . 

Per  pound  of  dry  coal do..., 

Per  pound  of  combustible do. . . , 

Efficiency  of  boiler,  including  grate per  cent. , 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds . . 

Per  electrical  horsepower  hour do. . . . 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


Test  299. 


Test  300. 


Test  310 

(w.). 


27.5 
21.8 

las 

32.4 
10.08 


30.5     : 

24.3  ' 

lag 

26.3  I 
10.05  ' 


Rocking.'  Rocking. 


12,116 

12,130 

0.50 

.16 

2,359 

22.99 

0.54  ; 
.19  ; 
2,397 
25.13 

3.32 
93.1 
5.85 

3.71 
103.9 
5.99 

7.02 
8.05 
9.78 
64.16 

7.20 
&22 
10.02 
65.44 

4.03 
4.97 

3.93 
4.85 

3.51 
4.34 

3.44 
4.25 

28.9 
24.8 
23.6 
22.7 
9.48 


13j  271 

0.49 

.11 

2,722 

19.04 

3.49 
97.8 
0.69 

aoo 

9.18 
10.29 
66.80 

3.53 
4.36 

3.08 
3.80 


PBODUCEB-OAS  TEST. 

Indiana  No.  12  (run  of  mine). 

Test  99. — Size  as  used:  Over  1  inch,  47  per  cent;  i  inch  to  1  inch,  23  per  cent 
J  inch  to  i  inch,  12  per  cent;  under  J  inch,  18  per  cent.  Duration  of  test,  50  hours 
average  electrical  horsepower,  194.4;  average  B.  t.  u.  per  cubic  foot  of  gas,  149.4 
total  coal  fired,  17,200  pounds. 


Coal  contumed  in  producer  per  horsepower  hour  (pounds) . 

Per  electrical  horsepower: 

Cknnmercially  available 

Developed  at  switch  board 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 

Equivalent  used  by  producer  plant  (pounds) . 

Per  electrical  horsepower: 

Commerciallv  available 

Developed  at  switch  board 

Per  brake  horsepower: 

CommerdaUy  available 

Developed  at  engine 


Coal  as 
fired. 

coal. 

1.86 
1.77 

1.66 
1.59 

1.58 
1.50 

1.41 
1.35 

1.97 
1.87 

1.76 
1.68 

1.67 
1..W 

1.50 
1.43 

Com- 
bustible. 


1.43 
1.36 


1.22 
1.16 


1.52 
1.44 


1.29 
1.23 


Analyses. 


Coal. 


Moisture 10.42 

Volatile  matter 36.29 

Fixed  carbon 40.75 

Ash 12.64 

So^dmr 3.96 

ISeW-BuU.  No.  332-08 9 


Qcu  by  volume. 


Carbon  dioxide  (COj) 9. 0 

Carbon  monoxide  (CO) 19. 0 

Hydrogen  (Hs) 13. 0 

Methane  (CH^) 2.0 

Nitrogen  (Ns) 56.0 

EithyteieCCjHO 1.0 
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WASHINQ  AND  GOBUfQ  TESTS. 

Indiauu  No,  12  iruti  uf  miEiek 

WoMhifig  UM  i-^. — Size  an  used^  cnudjed  to  2-iiich.    Jig  used,  Stewart.     Raw  coal| 
40,000  pounds;  washed  coal,  35,OfiO  ijoimdfl;  refuse,  4»940  pounds. 

Coking  lesis^ 


I 


BIso  tiB  used. , x_,,„,,*,,,^»* -. 

DurHtlnu  of  wat ^.. .....,-. liouni 

Coal  chai^ged , , , ,„,,,^..-^.poimdB 

CDkepfortiww4..  — — l^'S^t 

Bf«.^pmJue«l ^^J^i 

Ttttal  yield , ,.  - . „ , do, . 


Test  log 


f.c. 

37 

lOpDOa 

.S2S8 

52.58 

57.33 


Tflfft  IDS  ,  Teat  110 


as 

10,000 
5.  sen 
5^,01 

3.55 


r,  o,  m. 

12,0t)Q 

fi.355 

52.96 

398 


RematH. — T*flt  lOS:  Liglit-gray  colore  womc  Httle  stlyery;  breakage,  good-sizM 
pieces;  cell  structitre  ratlier  lai^c;  high  a^h  and  siilphur  Test  109:  Light  gray  and 
iilvcry;  better  than  coke  from  raw  eoal;  breakage,  g^jod-eiaed  pieees;  cell  struc- 
ture rather  large;  g^xxl  weight;  Pulphur  out  much  reduced  by  washing*  Test  110: 
Light  gray  and  eih-^er)^;  practically  same  as  test  109;  breakage  little  better,  larger 
Bize;  cell  strui  ture  not  quite  bo  large;  good  weight  coke;  eulpliiir  not  materially 
reduced  by  waehing» 




Wftifalngtwilifi. 

Coking  twt  lfi«L 

CalUng  test  10&. 

CfTkJng 

test  110. 

Raw 
coia. 

Washed 
<;aai. 

t^iil. 

Coke. 

Coal* 

Coku. 

C^L 

Coke. 

Moisture...... 

10,57 
3&03 
4275 

3.87 

lilti 

11.77 
3S.7S 

14  45 

4.m 

o.es 
7SLft5 
22.55 

13*79 
35.43 
42.75 

3.22 

1.15 
B4.32 
13*93 

2.86 

12,  S2 

37.25 

4L52 

&41 

3.33 

O.fi 

Volatile  matter.,             *,,    *. 

I  03 

Fiifid  carbon^ ^...^^ , . 

S4  3T 

Ash..... ,„,„,..,.„,„,, 

7,86 
X20 

ma 

Sulphur* * 

2.fll 

Cupola  test  of  coke  made  from  Indiana  No.  12  coal  {washed). 
CHARGE. 


Cupola 
test 
No. 

Coke.o 

Fluid- 
ity 
strip 
full. 

' 

Divisions  of  charge. 

Test 
No. 

Specific 
grav- 
ity. 

Ratio 

iron 

to  coke. 

Material. 

1. 

2. 

3. 

4. 

121 

110 

1.87 

7 

Per  ct. 
96.63 

,    Lbs. 

fCoke ,        180 

^Pigiron 540 

(scrap 180 

Lbs. 
63 

428 
143 

Lbs. 
63 
428 
14:3 

Lbs. 
62 
427 
142 

Total. 

5. 

.bs. 

Lbs. 

62 

430 

427 

2.250 

142 

750 

a  Sulphur  in  ash.  0.0<)  per  cent. 
RECORD  OF  MELT. 


Blast  pressure. 

Iron 
rim- 
ning 
in— 

Weight  of  iron. 

Meltmg. 

Recovered. 

Cupola 
test 
No. 

Onat— 

Maxi- 
mum. 

Poured. 

Addi- 
tional 
melted. 

Lbs. 
199 

Total. 

Lbs. 
1,951 

Time. 

Min. 
25 

Rate 

per 

hour. 

Ratio 

iron 

to 

coke. 

Loss. 

Iron. 

Coke. 

121 

10.42  a.m... 

Oz.^ 

A  fin. 
12 

Lbx. 
1.752 

LOS. 
4.682 

5.48 

Per  ct. 
6.57 

Lbs. 
862 

Lbs. 
74 
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Cupola  te$t  of  coke  made  from  Indiana  No.  12  coal  {washed) — Continued. 
LADLE  RECORD. 


Test  121. 

Ladle  Na 

Test  121. 

Ladle  No. 

Pounds. 

Time 
(a.m.). 

Pounds. 

Time 
(a.m.). 

1 

80 
77 
110 

10.57 
10.58 
10.59 

12 

76 
106 
100 
32 
102 
96 
49 
24 
27 
94 
126 

11  09 

2 

18 

11  10 

3 

14 

11.  lOi 
11  11 

4 

60            11.02 
83            11. 02^ 
58            U.03 
106            11.05 
95            11.05i 
57            1L06 
99.          11.08 
95  1          ll.Oftil 

15 

5                        

16 

11  13 

6 

17 

11.13i 
11  14 

18 

8 

19 

11   15 

9                        

20 

11   16 

10 

21 

11  18 

11. 

22 

11  19 

iiemarJb.— Test  121:  Iron  dull. 

n^I>IA]>f A  NO.  13. 

Bituminous  coal  from  bed  No.  6  at  Terre  Haute,  Vigo  County,  on 
the  Vandalia  line,  was  designated  Indiana  No.  13.  The  coal,  as 
worked  at  a  depth  of  65  feet  at  this  place,  averages  5  feet  3  inches  in 
thickness. 

One  sample,  shipped  under  the  supervision  of  J.  W.  Groves,  con- 
sisted of  run-of-mine  coal,  which  was  used  in  steaming  tests  432  and 
433  and  producer-gas  tests  132  and  138. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  3467 
was  taken  3,000  feet  south  of  the  shaft,  where  the  coal  measured  4  feet 
lOJ  inches  in  thickness.  Sample  3468  was  taken  3,000  feet  southwest 
of  the  shaft,  where  the  coal  measured  5  feet  8  inches  in  thickness. 

CHEMICAL  ANALYSES. 

Indiana  No.  13. 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 1 

Oxygen 

Ash 

Sulphur 

Calorific  value  detennined  (as  received)..  {^*°"y^^- 


Mine  samples. 


3467 
8.00 

13.43 

36.72 

42.51 

7.34 

2.16 


6,360 
11,448 


3468 
8.30 

ia88 
35.89 
41.54 
8.69 
3.26 


Car 
sample. 


3748 
5.60 

12.97 
37.45 
39.67 
12.09 
3.18 

5.  .58 

59.84 

.82 

18.49 


6,055 
10,899 


Steaming  tests." 
432.       I       433. 


12.79 
35.45 
39.67 
12.09 
3.18 

4.77 

68.61 
.94 

8.17 
13.86 

3.65 


1.1  f>8 
3.'i.  93 
40.81 
11.  ♦» 
2.92 

4.80 

69.  13 

.95 

8.22 
13.52 

3.  .38 


o  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
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1 


STEAMING  TESTS. 
Indiana  No.  IB> 


Ovpfl  li«?h. *.*.,.., -».,„.,_,. ,., -.,.-.. „,,* ppti^nt. 

tlm;h  to  1  Inch -,-...-..,.x_*^,,«,^*^, *,.*», ,,,^,».*.x.i.*.....*„., do... 
imlj  tti  J  lacb..,,,^. _,.....,._,., ...,,.„ „.,..., , p 4b,_, 
rudiT  i  Inch.,  .^...,,**,^,.-.,,,^.».,«.„>».*.,,,,,,^*».,,,^,^..*,,».^^.,H.,iio... 

A%r'rj+g*3  (iEaiiielpr,.,,,^ ,..._ .^ ^ ...... tactiua^ 

lltii-Miion  ol  t*!ift .^_ ^._,_,.,,,*.*,^., ,,...,,.,,.. _,_.,,__ _..liouri. 

Uettt i ng  \'hJiu'  of  wml *..... B,  t.  a. ifcf  poQiid  dry  coiiL 

iTanv  vtdmtt: 

Under  stuck dttiiiiJflr....,-^^^....,^..^^,..,^^.^*^ ..._^...tni]h  water. 

A iKivt?  flpp.  - .  -  „ , „. , , . .T.*.- . . . , ,..,.,,. , .do. . . 

FurEuww  t-t^iiiwrnttirf' . . ..............  ^ .............  ^.  ..........,..*  F. 

Dry  i^fml  iispti  prr  wiimM  fool  of  grHUi  aiirCiM^  pn^r  bouf, . ,,....,......,  „ pound i. 

Eqtilvdient  wutor  evuporat^d  per  Bqtmru  foot  of  WMttir>tiBiLtIng  muiiu^m  p»T  hour, 

pounds .... , ........,.,.,.,,,. > , 

r<?n^ntag*3  of  ruted  horseponvt-r of  boiler  cievi*Jopewii„..-,^,., ,*..,,**.--,,►-,.., -- 

Water  apparently  evapomted  per  pound  ol  txalas  ftied. . .._. ^  .poimdi, 

Wfttpf  pvuporalpd  from  and  at  212*  F.: 

iVr  poiind  ojf  ei^al  as  fired. ■ ,-^.. ....,....-40.,. 

Fpf  poitml  of  diT^rottL.-.,  „ , ,.,-,-,.,--,,,...„,,,,..,. dd,.- 

P*4r  pound  of  <:«mhujit[hJo ... . ..____.  ..._.._...*.....,.» ^. d^.v 

Efliolency  of  boiler,  including  grate , „.....,_ , pir  cent, 

COftl  AS  n^t'il  7 

fVr  ifulfnit^  horsppower  hour - .paaadA, 

Ppr  t*l(x'tr(or*i  horsepower  hour. .  _ . . . — ,...__..,.._..., , do. . . 

Pf  r  tndfcativd  bnrwtpciWfir  hour.  .,**,„ , . , , „. „ , , ,, „ . ,do* ,* 

Pi*r  tiliictTlcal  horsepower  hour x. ^ . . _. . .do 


FBOBTTCER-QAS  TISTS. 

Indiana  No.  13  (run  of  mine). 


Size  as  used: 

Over  1  inch per  cent. . 

J  inch  to  1  inch do 

I  inch  to  J  inch do 

tender  J  inch do 

Duration  of  test hours. . 

Average  electrical  horsepower 

Average  B.  t.  u.  per  cubic  foot  of  gas 

Total  coal  fired pounds. . 


Test  138. 


54 

26 

12 

8 

24 

189.8 

178.0 

^,750 


Test  132. 


Coal  as    J.  ,    Combus- 

flred.     >^^>  ^^^^-     tible. 


Coal  consumed  in  producer  per  horse- 
poicer  hour  (pounds). 

Per  electrical  horsepower: 

romnierciall.v  available 

DeveloptHi  at  switchboard 

Per  brake  horsepower: 

Comnierciallv  available. . 

2.02 
1.91 

1.72 
l.Ui 

2.21 
2.09 

\.SS 
1.77 

1.79 
l.W 

1.52 

I)eveloix»d  at  engine 

Equivalent  usrd  by  producer 
(pounds). 

Per  electrical  horsepower: 

Commercially  available 

DevHoped  at  switchboard  . 

plant 

1.44 

l.a') 
1.S5 

Per  brake  horsepower: 

Commen'ially  available 

Developed  at  engine 

1.66 
1.57 

1.52  ' 
1.44 


1.30 
1.23 


1.66 
1.57 


1.41 
1.33 


Test  138. 


Coal  as  V)      coal   Combus- 
fir«d.      ^^  ^^^-      tible. 


1.55 

1.48 


1.32 
1.2ti 


1.68 
1.61 


1.43 
1.39 


i.as 

1.32  i 


1.18 
1.13 


1.50 
1.44 


1.27  ' 
1.22  I 


1.21 
1.16 


1.03 
0.99 


1.32 
1.46 


1.12 
1.07 


TESTS — INDIANA. 
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Test  132. 

Test  138. 

Test  132. 

Test  138. 

Coal. 
Moisture 

11.53 
34.80 
40.44 
13.23 
3.11 

10.70 
35.58 
42.85 
10.87 
3.06 

Oas  by  volume. 

Carbon  dioxide  fCOs) 

Carbon  monoxide  (CO) 

Hydrogen  (Ht) 

12.5 
14.9 
12.8 
1.9 

10.9 

Volatile  matter 

18.0 

Fixed  carbon. 

15.2 

Ash      

Methane  (CH*) 

1    Q 

Sulphur 

Nitrogen  (Nt) 

57. 5              53.  f> 

Oxygen  (Oj)    

.0                  .0 

Ethylene  (C*  H*) 

.4                 -4 

rNT>IANA  NO.  14. 

Bituminous  coal  from  bed  No.  3  at  Seelyville,  Vigo  County,  on  the 
Vandalia  line,  was  designated  Indiana  No.  14.  The  coal,  as  worked 
at  a  depth  of  90  feet  at  this  place,  averages  7  feet  5  inches  in  thickness. 

One  sample,  consisting  of  run-of-mine  coal,  shipped  under  the 
supervision  of  F.  B.  Tough,  was  used  in  steaming  tests  430  and  431  and 
producer-gas  test  131. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
3491  was  taken  2,400  feet  northeast  of  the  shaft,  where  the  coal 
measured  7  feet  5}  inches  in  thickness.  Sample  3492  was  taken  900 
feet  southeast  of  the  shaft,  where  the  coal  measured  7  feet  6}  inches 
in  thickness. 

CHEMICAL  ANALYSES. 

"  Indiana  No.  14. 


Laboratory  No 

Air-drying  Iobb 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon... 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitr(^en 

Oxygen 


Mine  samples. 


3491 
&70 

13.62 
38.21 
41.06 
7.11 
3.28 


3492 
7.00 

11.46 
37.45 
40.39 
10.70 
5.45 


I 


Ash. 


Sulphur — 

Calorific  value  determined  (as  received) .  -{b^^J^u^;  .' 


6,413 
11,543  i 


Car 
sample. 


3775 
3.70 

7.88 
36.85 
41.07 
14.20 

5.14 

5.22 

59.75 

.93 

14.76 


Steaming  tests.a 
430.  431. 


6,192 
11,146 


8.52 
35.99 
41.10 
14.39 

5.62 

4.66 
64.15  I 

1.00  . 

8.32 
15.  73 

6.14  I 


9.39 
33.58 
3t).  89 
20.  14 

.'■).  47 

4.28 

58.90 

.92 

7.(i3 
22.23 

6.04 


a  Proximate  analysU  of  fuel  as  flred;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
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ST£AllIir&  TESTS, 

iDdiai^a  Ni>-  14  (run  of  miua)' 


k 


Over  1  inch..,   ^ ...._.._..... -^ ,.,. ,,_., .,^.. _..... per oent., 

tiiich  to  1  lllrh_„*.t,,„.,.-..— ,^,.. ._..,_,_„.*„.., ,,„..do,,.. 
inch  to  i  inoh.,»^...,,,*^^-..^,,,..,,,,,.,,^,,,^ ..».,,,,..,.,,,,... djo..-- 
Jmipf  1  inch,,,.,, „..-,.._,^-. ..-,.„„„,. „,,-....- , *,,.do.... 

AvL^ir^gD  ii]iuuetBr^,>,,jL*-.^>..i^-^^^^...,,p^* »*  +  *._, ^_, ...... ..IndbeB.. 

Duration  of  t^fft.,.. ,,,.. ._.„ ,-, - 

BeiBling  vilJtJl^  of  coftl ,  *  -  - .  ^-  .,„.,„„.„.  ,„.,., . ,. ,  j,B,  t.  u.  per  poim4  dry  (Scw!,. 
FoToe  of  dra  f t : 

Under  aHiek  dwnper. _.,,,,„, , ..„,._, „„..,..-iTir.h  water,. 

Above  flro. .._.................. do.... 

Dry  coft]  usetl  por  eqtmn*  foot  of  grate  surface  per  hour. . , , .  „ , , .  „ , ,  .pounds, , 

Equivalent  water  evnporatod  prr  squuit)^  foot  of  water-heHttRg  mirmcn?  p^r 

fiour ,.._,.., _ , _,,.,,, ,,.,-_..,..,._...,..  poundfl. . 

i'Brootita^  of  rat«d  horsopoivcr  of  hijij«»r  dpvploped .„»*,,.,.,,,.* 

Water  appartintly  en  i^pomteiil  fj^rnrmml  of  eoiJ  ttd  ftreil  .,.,,„.,.,.„,*. ,  .pounds. . 
Wfcilfifisvapi^ralwJ  froai  and  at  21  J*  P^: 

fVr  pound  of  coal  ju  fia'd. * .,-,  ^ , . . ,  ,<lti, , . , 

per  pound  of  dry  ooaI  ,  .,**.,,.....**,... **.,...- ,...,..>,...,. do.,. i 

Per  pound  of  t'oralnistililB .,. ^* ., , ,..,,,.,.  ......,...,.,<»..  ..do, .  *  * 

Ertlcisitey  of  hoiJt'f ,  includliig  prate^ , ,,  ^. ,  .,♦,*...*  ..*.._.. ....... . ..|»r  onnt. . 

Coal  &Sr  ffre-d: 

Perindic^tcdborftPfKiWfirhoHr „...,..,,. „..,„, ,»,».,*„,pounda.. 

PerflkvtTicat  horaepowerhotir ._^. ,,..._,- ^..««d&.... 

f  >f  y  Qoal : 

Ppr  inditated  Ijoraepowpr  hour..,„*. ,, ,**.:.,...* .^.^ilo^t*^ 

PE^r  QL«etriciy  honft^ power  tiouf . . . ^ . . .».^.^ .. «.. .....^.. . .k.*^..,...^. ...^do. . >. 


Tevt-iaOL 


15.4 

a.«2 


7.35 


Test  ai. 


18.7 
1-L3 
30:2 
Ml 

law 

11,021 

acts 

AH 

aio 

7- OB 

iai2 

-toi 
4«3 


FEODUCEE-GAS  TEST, 

■^  —   ■  «ti  "      ™ 

Tndiauji  No.   14  (mn  t»f  mine)* 

TVs^  131. — Size  as  used,  over  1  inch,  50  per  cent;  i  inch  to  1  inch,  26  per  cent;  J  inch 
to  i  inch,  12  per  cent;  under  1  inch,  12  per  cent.  Duration  of  test,  50  hours.  Average 
electrical  horsepower,  189.8.  Average  H.  t.  u.  per  cubic  foot  of  gas,  154.1.  Total 
coal  fired,  10,200  pounds. 


Coal  consumed  in  producer  per  horsepower  hour  (pounds). 

Per  electrical  horsepower : 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 

Equivalent  used  by  producer  plant  (pounds). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


Coal  as 
fired. 


1.80 
1.71  ' 


1.  .53  ! 
1.  45 


1.91 
l.Hl 


1.62  ; 
1.54 


Dry 
coal. 


1.66 
1.57 


1.41 
l.:i4 


1.76 
1.  67 


1.49 
1.  42 


Com- 
bustible. 


1.40 
1.33 


1.19 
1.13 


1.49 
1.41 


1.26 
1.20 


A7ialy.si's. 


Coal. 


Moisture 7.  S8 

Volatile  matter 3(i.  .s.'> 

Fixed  carbon 41. 07 

Ash 14.  20 

Sulphur T).  1 4 


Gas  by  volume. 


Carbon  dioxide  (COj) 9.  8 

Carbon  monoxide  (CO) 20.  4 

llvdrogen  dh) 14-4 

.Methane  (Clh) 2.  2 

Nitrogen  (St) 52.  7 

Ethylene  (CsUO 5 
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INDIANA  NO.  15. 

Bituminous  coal  from  bed  No.  4  at  Linton,  Greene  County,  on 
the  Southern  Indiana  Railroad,  was  designated  Indiana  No.  15. 
The  coal,  as  worked  at  a  depth  of  90  feet  at  this  place,  averages  4 
feet  4  inches  in  thickness. 

One  sample,  shipped  under  the  supervision  of  F.  B.  Tough,  con- 
sisted of  run-of-mine  coal,  and  was  used  in  steaming  tests  428  and 
429  and  producer-gas  tests  134  and  137. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
3473  was  taken  2,000  feet  southeast  of  the  shaft,  where  the  coal 
measured  4  feet  7  inches  in  thickness.  Sample  3474  was  taken  1 ,900 
feet  northeast  of  the  shaft,  where  the  coal  measured  4  feet  1  inch  in 
thickness. 

CHEMICAL  ANALYSES. 

Indiana  No.  15. 


I     Mine  samples. 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moistare 

Volatile  matter. 

Fixed  carbon 

Ash 

Sulphar 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 


Sulphur ^ 

Calorific  value  determined  (as  received) .  -{^/t.^u*! ' 


3473 
5.10 

13.53 

33.54 

45.38 

7.55 

.95 


3474 
7.80 

13.98 

32.57 

46.35 

7.10 

.96 


Car 
sample. 


3567 
9.10 

13.58 
32.07 
46.20 
8.15 
.91 

5.65 
63.53 

1.42 
20.34 


■-I 


6,521 
11,738 


6,344 
11,419 


Steaming  tests.a 
428.  429. 


13.05 
31.34 

46.78 
8.83 


4.75 
72.85 

1.63 

9.47 
10.16 

1.14 


12.83 

32.49 

46.45 

K.23 

.97 

4.78 
73.  45 
1.04 
9.  .'18 
9.44 
1.11 


a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  samples. 

STEAMING  TESTS. 
Indiana  No.  15  (run  of  mine). 


Sizeasuaed: 

Over  1  inch per  cent. 

h  inch  to  1  inch do . . . 

{inch  to  i  inch do... 

under  Hnch do. . . 

Average  diameter inches. 

Duration  of  teat hours. 

Heating  value  of  ooal B.  t.  u.  per  pound  dry  coal. 

Foioe  of  draft: 

Under  stack  damper inch  water. 

Above  fire do... 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per 

hour pounds . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. 

Water  evajiorated  from  and  at  212^  F.: 

Per  pound  of  ooal  as  fired do. . . 

Per  pound  of  dry  coal do. . . 

Per  pound  of  combustible do. . . 

Efficient  of  boUer,  Including  grate per  cent. 

Coal  as  fired:    • 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  ooal: 

Per  indicated  horsepower  hour do. . . 

Per  electiical  liorsepower  hour do. . . 


Test  428. 

Test  429. 

44.6 
21.2 
12.1 
22.1 
1.03 
9.7 
13,099 

33.  9 
19.5 
13.4 
33.2 
.85 
10.05 
13,207 

0.76 

.14 

20.12 

0.73 
.13 

18.27 

3.41 
95.6 
6.34 

3.13 

87.9 
6.43 

7.39 

8.50 

9.71 

62.66 

7.49 

8.50 

9.73 

('.2.  81 

3.83 
4.72 

3.78 
4.66 

3.33 
4.U 

3.  29 
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TNt  134, 

Te#tl37. 

SiEe  iLit  used: 

per  cent- . 
do 

£3 

19 

12 

16 

SO 

189.7 

144.1 

14,650 

4S 

1  liich  to  ]  liMdi 

30 

i noil  to  1  Inch.,..,, „.t^,,. • 

.,..do..„ 

11 

/ndpr  i  Infh. -...-*. . 

.„,do..„ 

21 

Dtifutioii  of  U'di      ^                   -  -  -- 

.-holm.. 

50 

A  venige*  chnMrieiil!  horaepoivcr ., 

199.!^ 

\ vpni^e  B,  t^  IJ-  pt' J"  t;Ljl>iP  foot  oi  g&A.. -   -  -  - 

14&.7 

Totfki  tKliLl  fkr&l , ..,.....,,„-,. 

.paunda.. 

14,050 

Teal  I3t 

Te«t  I3L 

£Uwl. 

Diy  cobIh 

tiblB. 

Aied. 

DireouL 

tibia. 

Coat  ciifuumed  im  prodncerper  hGTMtpower 
hour  ipoundi). 

Ppr  pleotricaJ  horaepowi^^T: 

Clninrnprr^Lulliy  AVaiLulKliP     .... 

1.63 

1.56 

1.S8 
LSI 

1.71 
1.6fl 

L4B 
1.41 

t.44 
1,37 

1.56 
i.47 

1.25 

L3a 

L24 
1.11 

1.31) 
L12 

1.45 

130 
1,23 

L.OS 

1.40 
L33 

1.35 
1.29 

1.15 
L09 

L4G 
1.38 

1.34 

LIS 

1-22 

Ter  brakB  fioraepowur; 

I,  10 

1.04 

DeTelopoii  At  (engine , .  _ 

E^itatefit  a^f^  bjfproduccrplant(poufid§). 
Pfer  eJ(<!trleftl  lioraepower: 

0.90 
1.32 

[ka'fi^jrttvul  M.^  RUrl f j'h IkiatiI                   ^.. 

1.25 

Per  bmlc^  noraepower- 

Cominert'iniiy  avj^lUble. . „ , 

i.ia 

LQO 

Analyses. 


Coal. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


Tests  134 
and  137. 


11.42 

34.11 

45.82 

8.65 

1.03 


Oas  by  volume. 

Carbon  dioxide  (COs)  . . . 
Carbon  monoxide  (CO)  . 

Hydrogen  (IIj) 

Methane  (CH4) 

Nitrogen  (Nj) 

Ethylene  (CjH^) 


Test  134. 


11.2 
17.2 
16.2 
2.2 
53.8 
.4 


Test  137. 


10.6 
18.3 
14.9 
2.0 
53.8 
.4 


INDIANA   NO.   16. 


Bituminous  coal  from  bed  No.  5,  at  Linton,  Greene  County,  on  the 
Vandalia  line,  was  designated  Indiana  No.  16.  The  coal,  as  worked 
at  a  depth  of  95  feet  at  this  place,  averages  7  feet  2  inches  in  thickness. 

One  sample,  shipped  under  the  supervision  of  J.  W.  Groves,  con- 
sisted of  run-of-mine  coal,  which  was  used  in  steaming  tests  426  and 
427  and  producer-gas  test  130. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  3475 
was  taken  650  feet  west  of  the  shaft,  where  the  coal  measured  7  feet 
4  inches  in  thickness.  Sample  3476  was  taken  500  feet  southeast  of 
the  shaft,  where  the  coal  measured  7  feet  in  thickness. 


TESTS INDIANA. 
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CHEMICAL  ANALYSES. 

Indiana  No.  16. 


Mine  samples. 

Car 
sample. 

Stef^min 
426. 

g  tests.a 
427. 

Laboratory  No 

3475 
6.00 

10.91 
37.86 
42.02 
9.21 
3.16 

3476 
8.60 

11.51 
36.78 
40.49 
11.22 
4.17 

3564 
5.90 

10.30 
36.31 
41.64 
11.75 
4.23 

5.38 
61.00 

1.06 
16.58 

Air-drying  loss 



Proximate: 

Moisture 

9  09             10  09 

Volatile  matter 

35.20            33.62 

Fixed  carbon 

43.21  '          43  /ii 

Ash 

12.60 

4.77 

4.66 
67.02 

1.17 

8.15 
13.75 

5.25 

12. 78 

Sulphur 

4  34 

Ultimate: 

Hydrogen 

4  66 

Carbon 

66.99 

' 

1  17 

1 

8.14 

Asfif.. .;::::::::::::::::::::::::::::::::  ::::: 

1 

14  21 

Sulphur 

1 

4.83 

1 

6,232 
11,218 

Calorific  value  determined  (as  received) .  -■! g  ^  ^  " ' 

1 

1 



a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 

STEAIONO  TESTS. 

Indiana  No.  16  (run  of  mine). 


I  Test  426.    Test  427. 


Size  as  used: 

Over  1  inch ^ per  cent. 

I  inch  to  1  inch do. . . 

I  inch  t o  i  inch do . . . 

Under  \  inch do . . . 

Average  diameter inch. 

Duration  of  test hours. 

Heating  value  of  coal B.  t.  u.  per  pound  dry  coal. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do. . . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour, 


pounds. 


Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212^  F. : 

Per  pound  of  coal  as  fired do 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate '.  .per  cent. . 

Coalasnred: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated' horsepower  hour do 

Per  electrical  horsepower  hour do 


38.0 

27.1 

21.8 

25.3 

14.0 

17.0 

26.2 

30.6 

0.86 

0.76 

10.03 

9.0 

12,350 

12, 328 

0.69 

0.67 

.13 

.15 

19.26 

17.24 

3.18 

2.80 

89.1 

78.6 

6.47 

6.30 

7.51 

7.32 

8.26 

8.14 

9.83 

9.72 

64.50 

63.76 

3.77 

3.86 

4.65 

4.77 

3.42 

3.47 

4.23 

4.29 

PBODUCEB-OAS  TEST. 

Indiana  No.  16  (run  of  mine). 

Test  ISO. — Duration  of  test,  50  hours.     Average  electrical  horsepower,  177.4. 
age  B.  t.  u.  per  cubic  foot  of  gas,  136.7.    Total  coal  fired,  16,100  pounds. 


Avor- 


Coal  as 
fired. 


Dry  coal 


Coal  cofMVDied  in  producer  per  horsepower  hour  {pounds) .  \ 

Per  electrical  honepow«r:  i 

Cammercialfy  available I  1.92 

Developed  at  •witohboard 1.82 

Per  brake  noriMwwcr; 

Commefdalnr  aTailable 1.63 

Developed  «i<Bigiiie \  1.54 


1.77 
1.68 


\.rA  V 

\.A2.\ 


Combus- 
tible. 


1.54 
\.4i) 
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PEOBUCEE-GAfi  TEST— C<iij tinned; 
ludiflna  No.  l(i  (ruu  of  jiune). 


f:qti{i-fiUTit  iistd  bf  prcducft  plant  (poiindi) 

Her  elect rLcAl  horsepower: 

Commf  mally  a  vailAble  ...„,_ ..,_,,, .  ,^- , , . .  ^  ^ 

DBveloi}^d  at  Rwitchbciard - , ^^.^.. .^..^ 

Ftt  brake  nnrsepower: 

CommercMiy  avftilAbto. ., . . . 

Developed  at  aDgtEie _»,*.,^,, _,.,„,,,.,., _._,,, 


Co&la« 


2^m 

1.9S 


Lflfl 


Bry  coal. 


Lao 


1.62 


ComliQ^ 


A7udiy9e9. 


Cpai. 


VolAtU^  matter-*,.... .^ -., ,  33.02 

Fixed  f^rtma ,  _^^^^, . . , .  _^ . . . 44.  ^ 

AaU , ,.,. , ILW 

Sulphur,,. ,-.,,,.,„„,.,.., ,„,,.»., 4.01 


OoM  h^  ittjlunu* 


1.57 


1.41 
L33 


Carbon  dioxUle  (CO|) , , ,. IL  4 

Cnrbon  nionoiJdft  (CO).... ....... .._..,_._  ifL^B 

HytlroKurj  (Hil ...„, IS  3 

MefbHTie  fClItT-^--.- ,...    1.7 

Nltrftgen  <Nal -,....., .^ 56.S 

Ethylene  (CiTI^K. .& 


INJ>IJLNA  NO-  IT. 

Bitiiniinons  coal  from  bed  No.  5  nt  Bicknell,  Knox  County^  on 
the  Vandalia  liiiej  was  desi^^natetl  Indiana  No,  17,  The  coal,  as 
worked  at  a  depth  of  lOt)  feet  at  this  place,  averages  .5  feet  6  inchir^  in 
thir^kiiFss. 

One  sample,  shipped  under  the  supervision  of  J.  W.  Groves,  con- 
sisted of  run-of-mine  coal  and  was  used  in  steaming  tests  441  and  442, 
coking  test  163,  and  cupola  test  148. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  3516 
was  taken  500  feet  northeast  of  the  shaft,  where  the  coal  measured 
5  feet  2  inches  in  thickness.  Sample  3517  was  taken  250  feet  north- 
west of  the  shaft,  where  the  coal  measured  5  feet  1 1  inches  in  thickness. 

CHEMICAL  ANALYSES. 

Indiana  No.  17. 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter . 

Fixed  carbon... 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon  

Nitrogen 

Oxygen 

Ash. 


Mine  saniples. 


351 1) 

(i.  10 

lO.tiO  I 
;^.  (Mi 
43. 04 
«.  :io 
3.  m 


Sulphur 

Calorific  value  determined  (as  roecivcd) . 


fcalories.. 
|B.  t.  u... 


.'«17 
(i.  iK) 

11.  K7 
3t).  23 
43.  84 

S.  OC. 

4.  05 


Car. 
sample. 

Steaming  tests.a 
441.             442. 

31J81 

5. 10 

12.08 
32.48 
44.42 

11.02 
3.  »i5  I 

5.34 
00.  45 

.89 
18.  ti5 


9.70 
35.78 
45.  tW 

8.89 
3.07 

4.70 
71.05 
1.04 
9.30 
9.85 
4.01) 


12.08 
32.48 
44.42 
11.02 
3.ti5 

4.55 
(i8.  75 

l.Ol 

9.00 
12.54 

4.15 


a  Proximate  analysis  of  fuel  as  fired;  ultimate  analNsis  of  dry  fuel  figured  from  car  .sample. 
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Indiana  No.  17  (run  of  mine). 
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Test  441.    Test  442, 


Size  as  used: 

Over  1  inch per  cent . . 

k  inch  to  1  inch do 

I  inch  to  I  inch do 

Under  i  inch do 

Average  diameter inches. . 

Duration  of  test hours. . 

Heating  value  of  coal B.  t.  u,  per  pound  dry  coal. . 

Force  01  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temperature 'F. . 

Dry  coal  usea  per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour, 


pounds. 


Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212  "F.: 

Per  pound  of  coal  as  fired pounds. . 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

EflQciencv  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  dectrical  horsepower  hour do 


47.3 
26.9 
13.0 
12.2 
1.20 
9.88 
12,929 

0.75 

.13 

2,545 

19.61 

3.23 
90.7 
6.41 

7.46 
8.26 
9.53 
61.70 

3.7» 
4.68 

3.42 
4. '23 


1().  8 
22.7 
18.0 
42.5 
0.60 
10. 1'.i 
12,524 

0.74 

.15 

2.544 

17.98 

2.79 
78. 2 
5.85 

0.83 
7.77 
9.35 
59.91 

4.14 
5.11 

3.04 
4.49 


COKINO  TEST. 

Indiana  No.  17  (run  of  mine). 

Test  163. — Size  as  used,  washed,  finely  crushed.  Duration  of  test,  50  hours.  Coal 
charged,  12,050  pounds.  Coke  produced,  7,200  pounds;  59.75  per  cent.  Breeze  pro- 
duced, 332  pounds;  2.76  per  cent.  Total  yield,  62.51  per  cent.  Dark-j^y  color; 
poor,  dense  coke;  ash  and  sulphur  high. 

Analyses. 


Coal.    ,  ('ok«'. 


Moisture 10. 57 

Volatile  matter .«.  65 

Fixed  carbon I  43. 77 

Ash I  10.01  I 

Sulphur !  3. 7ri 

I  1 


SI.  42 
10. 2r. 

3.  39 


Cupola  test  of  coke  nuulefrom  Indiana  No.  17  coal  (ivnshcd). 
CHARGE. 


Cupola  i 

tAflt       I 


Coke. 


--'o-     I    l^ 


148  I 


Specific  Ratio 
grav-    • 
ity. 


1.92 


iron  to 
coke. 


Fluid- 
ity 
strip 
full. 


Matcrijila. 


Per  ct.  ; 

94.44  !/e"^^ 


|\Pig  iron. 


Divisions  of  charge. 


I 


Lbs. 
190 
700 


Tctal. 


Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

W 

U) 

00 

m 

4;«) 

oJiO 

500 

5«iO 

Mi) 

.i.OOO 
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Cupola  tat  of  coke  madefroiti^  Indiana  No.  17  ooal  (t/«wAfrf) — Cod  tin  lied. 
RECORD  OF  MELT. 


1      Bla^C  pras^uie. 

Iton 
run- 

Weight  ofifnn. 

MeUlag. 

Eecovenid. 

test 

No.    .      On  at— 

Addl- 

tlonftl 

TotoLj 

Time. 

EAt« 

par 

ilfttla 
cote. 

Ooki. 

148     11.17  a,  iiu,. 

Min. 

11 

Lbt, 

l,o4S 

274 

Min.     lb*. 
32    :ip  im 

.« 

S2 

SILICON,  MANGANESE,  ETC. 


MatoTluiJi. 

Buifiim. 

M|b|l£Wtl0>(li 

Bulphur. 

Cupola 

t<8t 

No. 

Amount 

luied 
CpouadA) . 

ijent. 

Pounds. 

Per 
<5Snt. 

Peundd, 

Per 
eoDt. 

PmiitdA. 

Caotent 

with  iron 

mnlt«d 

(per 

C«}tlt). 

Hglron, 

3,ia 

1.75 

38. @3 

0.178 
.126 

3,343 
S.2GMI 

1  .CTfiO 

1 

118 

MpJtffdIron: 

AmoiiDt. ...... 

t .  iMt74            i^  SS 

Qain  orlosA.., 

—17.47       -«.7fi 

—  .947  !  4-- 049 

+  .Srt2§ 

Coke......... 

3» 

-.^ 

B.3fr 

12.9837  < 

"T" 

' 

LADLE  RECORD. 


LuUeNo. 

Foimda, 

Ttme 

(a.m.). 

Ladte  No. 

Poimils. 

96 
80 
73 
S6 
OS 

m 

SB 
US 

TItne 

1         ,              

24 
ftS 

10! 
79 
M 

108 
7« 
98 
78 
68 

JLSO 

11.34 

ILMI 

11.  a©  ' 

1L3S4 

11.40 

1L41 

11.42 

11.46 

11.^ 

li 

11  47 

a .....  .  .  ............ 

la. 

11  49 

3_.-..., ., 

13 

n.4S| 
11  av 

4 

14.  ,                

5 ,„„ ,-. 

15 

11  M 

6........... 

10 

7 

17 ,,. 

g.,,,.. .,.,.  ,.    ,. 

18,*                      -     .        . 

11  Oi 

9 , 

.lt-.....*.^.:.=.-^--.i.>.^  . 

12.00 

10  .     .^................ 

Remarks. — Pig  iron  used  from  car  27633,     Temperature  of  iron,  medium. 


INDIANA  NO.   18. 

Bituminous  coal  from  bed  No.  5  at  Ayrshire,  Pike  County,  on  the 
Southern  Railway,  was  designated  Indiana  No.  18.  The  coal,  as 
worked  from  the  outcrop  at  this  place,  averages  4  feet  9  inches  in 
thickness. 

Two  samples  were  shipped  under  the  supervision  of  John  W. 
Groves,  as  follows:  Indiana  No.  18  A  consisted  of  washed  slack 
screened  through  a  |-inch  wire-mesh  revolving  screen,  and  was  used 
in  coking  tests  158  and  168.  Indiana  No.  18  B  consisted  of  lump 
coal  over  a  IJ-inch  round  shaking  screen,  and  was  used  in  steaming 
tests  435  and  436  and  producer-gas  tests  133  and  135. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
3525  was   taken  3,400  feet   south  of   the  opening,  where   the  coal 
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measured  4  feet  9  inches  in  thickness.  Sample  3526  was  taken 
3,400  feet  southwest  of  the  opening,  where  the  coal  measured  4  feet 
10  inches  in  thickness. 

CHEMICAL  ANALYSES. 

Indiana  No.  18. 


Steaming  tests.a 
435.  4316. 


6,6S4  I 
12,031  I 


12.04 

12.09 

34.09 

34.10 

46.84 

47.03 

7.03 

6.78 

1.65 

1.37 

4.92 

4.96 

74.22 

74.72 

1.30 

1.30 

9.69 

9.75 

7.99 

7.71 

1.88 

1.56 

a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 

STEAMINO  TESTS. 

Indiana  No.  18  B  (lump). 


Size  as  used: 

Over  1  inch per  cent . 

i  inch  to  1  inch do . . . 

J  inch  to  J  inch do. . . 

U  nder  i  inch do . . . 

Average  diameter  Inch r 

Duration  of  test hours. 

Heating  value  of  coal B.  t,  u,  per  pound  dry  coal. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do... 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour, 
pounds. 


Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds . . 

Water  evaporated  from  and  at  212°  F.: 

Per  pound  of  coal  as  fired do 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

Efficiency  of  boiler.  Including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do — 


Test 
435. 


I 


30.4 
17.4 
21.8 
30.4 
0.77 
10.1 
13,545 

0.64 

.05 

20.47 

3.62 
101.4 
6.70 

7.79 
8.85 
9.86 
63.10 

3.63 
4.48 

3.20 
3.94 


Test 
436. 


45.1 
23.5 
12.8 
18.6 
0.97 
9.67 
13.617 

0.73 

.07 

21.85 

3.91 
109.7 
6.76 

7.89 
8.97 
10.05 
63.61 

3.58 
4.42 

3.15 
3.89 
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FRODUCEB-OAS  TESTS* 
Indiana  No.  18  B  (lump). 


' 

Twt  135. 

Teet  1^. 

Over  I  inch                 i  ■ 

Ptrjjiit.. 

IE 

8 

12 

50 

lifi.3 

lS.a50 

S 

i  inch  to  1  inch.  .^.,,,,-^^..„..^,,,., 

17 

inch  10  1  ^nch..^ ,.,,„.,..-**..,.* 

::::::::::;::;do:::: 

t 

Indur  }  inch. ..  ^  ...    ^    .. ^.m-, 

.,.„_ do.,- 

13 

I>uration  of  tcH .,,... ..,„.^.. 

36 

Avarftjgo  p]4^f.rf<*^|  horwpO'W^pT ,           ....,....,    ..,.,,,. ^ , ,*.....,,...„.. 

1945 

AvemgB  B.  C  0.  pflf  cubic  lo€)i  o(ga*_.*,,.-^---^       -  --_      ^    ....___  ___  __ 

154-7 

Total gohJ  flred. . .,^..^. ^^^ ^..- 

.pdundH.. 

10,330 

Tmtm, 

i                  TfistiSa. 

iSI. 

Cdm- 
bustmiG. 

CoAlatf 

S 

Com- 
bustible. 

ConmienUiElv  flVftiljiMp., ............ 

Dp\-pl(»tK'!c1  at  awJtohlKkuni . . . , 

L76 
LtfT 

l.« 
1.42 

l.Tfl 

1.150 
L52 

1.54 
1.46 

1.31 
1.34 

l.(M 

1.57 
L40 

LU 

1.31 
Lifi 

1.03 
1.4G 

i.ay 
1.2a 

L55 
L48 

1.^*2 
1.3fl 

LIST 
l.3» 

1.4^ 
1.:J5 

1.3S 
1.31 

1  17 
1,20 

L37 
1.21 

Per  tiraki!  horsepawur; 

CfltumeTclaUv  (iVUlUthUi . .  _ , , 

I.Oi 

DevelopftJ  hI  englnen, ,  ..,..,...,,.„., 

LOI 

Eqaival^Tii  wted  tw  prodttter  plant 

Per  eliictricjiJ  horappower: 

Co'muieTClnily  aV4i[jAItl^, . -- 

1.37 

DeYolopc<i  at  switch  bortnl ,.,,..,. 

Per  braki^  horsep"^'''': 

ConiniF'iTijjJilv  availaUk' ...  . 

L30 

DBv<?lopi'!ii  ni  PAgine ,....,.„„,, 

i.U 

Analyses. 


Coal. 

Moisture 

Volatile  matter.. 

Fixed  carbon 

Ash 

Sulphur.... 


Test  135. 

Test  IXi. 

12.11 

11. 13 

34.19 

35. 11 

4().87 

46.78 

6.83 

6.98 

1.44 

1.64 

Test  135.    Test  133. 


Oas  by  volume. 

Carbon  dioxide  (COj) . . . 
Carbon  monoxide  (CO). 

Hydrogen  (Hi) 

Methane  (CH<) 

Nitrogen  (Nj) 

Ethylene  (CjH  <) 


10.8 
18.6 
16.9 
2.1 
51.3 


10.0 
19.4 
16.0 
2.1 
52.2 
.3 


COKING  TESTS. 

Indiana  No.  18  A  (washed  slack). 


Size  as  used 

Duration  of  test hours. 

Coal  charged pounds. 

Coke  prodfuced 


Test  158. 


not  cr. 

16 

11,800 

None. 


Test  168. 


f.c. 

24 

12,740 

None. 


Remarks. — Test  158:  Charge  aahed  down  about  2  inches  and  blaze  lost. 
Charge  ashed  down  about  3  inches  and  blaze  lost. 


Test  168: 
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Moisture 

Volatile  matter. 

Fixed  carbon 

Ash 

Sulphur 


!  Test  158. 

Test  168. 

It;  no 

13  97 

1        31.06 

30.97 

46.42 

48  07 

7. 43 

6.99 

1          1  S 

1.49 

I 

INDIANA  NO.  19. 

Bituminous  coal  from  the  ''Brazil  Block  top  bed,"  at  Diamond, 
Parke  County,  on  the  Chicago  and  Eastern  Illinois  Railroad,  was 
designated  Indiana  No.  19.  The  coal,  as  worked  at  a  depth  of  121 
feet  at  this  place,  averages  4  feet  4  inches  in  thickness. 

One  sample,  shipped  under  the  supervision  of  John  W.  Groves, 
consisted  of  screenings  (through  IJ-inch  stationary  bar  screen),  and 
was  used  in  steaming  test  464  (on  briquets)  and  briquetting  test  165*. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
3534  was  taken  1,200  feet  southwest  of  the  shaft,  where  the  coal  meas- 
ured 4  feet  9  inches  in  thickness.  Sample  3535  was  taken  500  feet 
east  of  the  shaft,  where  the  coal  measured  4  feet  1  inch  in  thickness. 

CHEMICAL  ANALYSES. 

Indiana  No.  19. 


Laboratory  No 

Air-drying  loss 

Air-dried  sample: 
Proximate- 
Moisture  

Volatile  matter 

Fixed  carbon 

Ash r 

Sulphur 

Ultimate- 
Hydrogen 

Carbon 

Nitrogen 

2^*:^::;::::::::::::;::::::::::::::::::::::;::::::;; 

Sulphur 

Calorific  value  determined  (as  received) {if  *T  u' ' 


Mine  samples. 


3534  I 
6.70  i 


13.70 
35.94 
44.45 
5.91 
2.66 


6,628 
11,930 


3535 
8.90 


13.93 

35.18 

45.82 

5.07 

1.93 


Steam-  ;  Briquet- 
ing  test  ting  test 
^fe4.a  lE5*.b 


9.09 
34.61 
40.70 
15.60 

3.04 

4.34 
(>3.67 

1.13 
10.36 
17.16 

3.34 


4315 


4.89 
30.53 
44.00 
20. 58 

3..% 

4.18 
61.71 

1.00 

7.94 
21.64 

3.53 


a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
f>  Proximate  analysis  of  fuel  as  received;  ultimate  analysis  on  dry  basis. 
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STEAKINI}  T£8T. 
IndiBim  No.  19  (He^lrow  briqueti). 


Teat  4fi4 


Duration  of  Uit.., „—,♦-.-, — ^ -^ hmin.. 

HflatJiwTahieof  fiiel,. «,....,..«>,.,. ^.^....^, »,..>.... ,...E,  t»  U^  per  pound  drrltKL. 

Fopoe  01  'Iraft: 

Unflor  stack  dampar.....-  — ...  —  —  ...— *,.,.,^ ,_„,,. .,,.,,,...|l»&  wntor„ 

Above  Qro., „,....,-.. ,,- ...do.... 

PiimaoB  tempfTTntTir^i _...,.. , „,... ,„.,,,.„ ^F., 

Pry  hwl  USM  per  squujiB  foot  of  grate  aurfatst!  per  hour .............._...  ^ .......  _.  .pounds. , 

HquiTalent  wator  ii>Tapoi^tcd  [tcr  aquafp  loot  of  water-heatUi^  «urliM3e  per  bour . . do.. . . 

Pfflrcftntagij of  mted  horsopowijr of  hoijer  dev*?loped, ...... .,... ...,.,. *,,,.„,,„ 

Water  &pparvntl|-  eraporatiMl  pw  pound  of  fweJ  AS  fipod ,, _^„...- ,pmuidB.. 

WatPT  evapofBted  fruro  and  at  212*  F.i 

Per  pound  of  find  aa  flivd ,.-,......,..,. .......i^...*.,.. do..,. 

Per  pound  of  drj-'fuel ,*-- ,,*-...►. ..,,,.. „,.-,,,«,,* „,,do 

Perpotuid  ol  c^ombustibte. , ..*....., ^,.....do.... 

Efflcifincy  of  bolk^r.  liicitidlag  grate ._. . ..._.......,_.,... .  _,_ .pv  oeni, . 

PerJndicfltGd  horfiiipowor  )iour *....****.—,*.,...,*.«,**.,.. „.-,potiiiiii,. 

Ppr  t'UX'trlcal  bcirsepowwr  hour. ^.. , , do. >. . 

Dry  fuel: 

Pur  indicated  horsepower  hour,,... *„.,,... .....,,. ..,do»,.. 

Per  eliwtrical  horsepowfr liour ..-.......,,* — ,......,,,„**,...,..*»*,,„..,  .ilo*... 


Rhmmhi. — Teat  made  on  briquetjs  from  teet  165*,  which  burned  well  with  short 
flam<?i  making  5,5  pCT  cent  of  black  smoker.  BriquetB  broke  **nough  in  burning  to 
allow  small  penmen tage  of  fine  unconsunied  fuel  to  pass  through  grat^,  Aeh  and 
clinker  of  dark-|?ray  col ar^  not  sufficient  to  rel^ixl  draft.  Clinker  was  easily  broken 
withhwk,  bii^  Bt^ck  to  buTnijic  fui-l;  33  per  cent  clinker  was  formed* 

BBIQUETTING  TEST. 

Indiana  No.  19  (raw  screenings). 

Test  165*. — Size  as  used:  Over  i  inch,  3.6  per  cent;  ^  inch  to  }  inch,  12.4  per 
cent;  2V  i^^h  to  yV  inch,  20  per  cent;  jV  i^^^  ^  ^  inch,  24  per  cent;  through 
/j  inch,  40  per  cent.  When  made  with  dry  coal  and  8  per  cent  binder  briquets 
were  hard,  with  firm  surfaces  and  very  rough  fracture.  With  moist  coal  satisfactory 
briquets  were  made  regardless  of  percentage  of  binder  used.  These  briquets  had  a 
dull-gray  color,  due  to  the  presence  of  a  large  amount  of  clay.  For  analyses  of  bri- 
quets see  page  143. 


Details  of  manufacture: 

Machine  used 

Temperature  of  briquets °¥.. 

Binder- 
Kind  '. 


I 


Laboratory  No.  (sec  p.  40^ 

Amount per  cent . 

Weight  of— 

Fuel  briquetted pounds. 

Briquets,  average do . . . 

Heat  value  per  pound- 
Fuel  as  received B.  t.  u. 

Fuel  as  fired do. . . 

Binder do. . . 


Renf. 
131 

'.  g-  P- 

«  39()2 

4120 


80,000 
0. 502 

9.524 
10,710 
K).  946 


Drop  test  (1-inch  screen) : 

Held per  cent. 

Passed do... 

Tumbler  test  (1-inch  screen): 

Held do... 

Passed  (fines) do. . . 

Fines  through  10-mesh  sieve. do. . . 
Weathering  test : 

Time  exposed days. 

Condition 

Water  absorption : 

In  1()  days per  cent. 

Average  for  first  5  days do. . . 

Specific  gravity  (apparent) 


64.0 
36.0 

89.0 
11.0 
91.5 

95 
C. 

12.6 
1.90 
1.211 


a  Binder  contained  6  parts  No,  4120  and  1  part  No.  3962, 
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Pitches. 

Fuel. 

Briquets 
test  165*. 

Laboratory  No 

3962 

4120 

3979 
13.10 

.97 
1.12 

4315 

AiiHlrjring  loss 

Extracted  by  CSj: 

Air-dried 

percent.. 

5.40 

.do 

7.81 

As  received 

Pitch  In  briquets,  as  received 

do.... 

:do.... 

77.79 

97.70 

7.39 
6.90 

INDIANA    NO.    20. 

Bituminous  coal  from  the ''  Brazil  Block  bottom  bed/'  at  Brazil, Clay 
County,  on  the  Chicago  and  Eastern  Illinois  Railroad,  was  designated 
Indiana  No.  20.  This  coal,  as  worked  at  a  depth  of  148  feet  at  this 
place,  averages  3  feet  7  inches  in  thickness. 

One  sample,  shipped  imder  the  supervision  of  John  W.  Groves,  con- 
sisted of  screenings  through  a  li-inch  bar  screen,  and  was  used  in 
washing  test  185  and  briquetting  test  169*. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
3536  was  taken  800  feet  southeast  of  the  shaft,  where  the  coal  meas- 
ured 3  feet  5  inches  in  thickness.  Sample  3537  was  taken  600  feet 
northwest  of  the  shaft,  where  the  coal  measured  3  feet  8  inches  in 
thickness. 

CHEMICAL  ANALYSES. 
Indiana  No.  20. 


l-Aboratory  No 

Air-drying  loss 

Moisture 

Volatiiem&tter.. 

Fixed  carbon 

Ash 

Sulphur 

Vltlmate: 

Hydrogen 

Carbon 

Nitrogen 

ssr 


Mine  samples. 


Car  sam- 
I      pie. 


Briquot- 

ing  test 

169*.a 


Sulphur 

Calorific  value  determined  (as  received) {^^t  ^^^*  * 


11.30 

15.38 
32.66 
46.08 
6.88 
1.95 


3537 
10.40 

15.91 
33.19 
46.05 
.4.85 
1.22 


6,489  I 
11,680 


3979 
13.10 

16.91 
26.85 
38.87 
17.37 
1.89 

5.48 
52.97 

1.01 
21.28 


5,291 
9,524 


4«27 


9.67 

35.75 

47.6,5 

6.93 

1.40 

5.06 
75.14 
1.25 
9.33 
7.67 
1.55 


a  Proximate  analysis  of  fuel  as  received;  ultimate  analysis  on  dry  b  asis. 


WASHING  TEST. 
Indiana  No.  20  (screenings). 

Test  185. — Size  as  used,  screenings.  Jig  used,  Stewart.  Raw  coal,  60,000  pounds. 
Washed  coal,  40,000  pounds;  67  per  cent.  Refuse,  20,000  pounds;  33  per  cent.  For 
analysis  of  raw  coal  used  see  above  (car  sample  3979).  Washed-coal  analysis:  Mois- 
ture, 16.86;  ash,  7.09;  culphur,  1.35. 
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BBiaUETTIKG  TEST* 
ludiaJia  No.  'JO  (wMlit'd  scrtft^mn^). 

Test  /6'^.— Sigt^ as uia*^:  jV  ^^^ ^  i  i^<^^f  ^-0  jn-r  crnt;  ^  inch  to  ^  inch,  16.2  per 
riTit;  4^^  in  til  to  j^  inrli,  20.6  pcT  f^^nt;  through  ^^^  in  Hi,  54.2  per  cent,  Briqut?te 
satiflfttTkiry  when  nuidi?  wanu^  usitifj  7  per  c^eiit  binder;  Burface  btn'arae  m!i  and  easily 
abra<J**'^i  f^  britjiieta  cfw^lnd;  wi^rn  easily  handh^d  fmm  raachint^,  but  produced  high 
pf*rt'*^titiig>t*  (if  fila*  k  in  handling  afti^rwards.  F'ract.Qrc*  was  n>ugh  and  cfjlor  l^right^r 
than  in  l>riqui'ts  fn>rii  unwaflbod  ftieb     Fur  iinaljiiea  of  briquets  see  page  145. 


Machine  used. . ..........^^...„...., 

TmipL-nftt  lire  of  Liritiucta*  -  - . , , ,  "F. 
Blinfer— 

KiHrl, _.....-.. 

Amoimi .„,,_._|iwcimt 

Wfl4gbl  of- 

FiK'i  I  liqiif tied ^pounds 

RriQuet^i  flvpmge. ........do.. 

Hr^it  Vfiiliip  peF  pound- 
Fuel  as  retJelvcti  _......  B.  t.  ti 

Fui^i^  Ik^ ^. _-.„,,, do,, 

Ptoder . do.. 


Rent 
131 

7 

0:427 

13,g04 


Dxop  te^  [l^nch  flcrfKnl : 

H^ld .,,.,. , . . , . pet  eeat . 

Passed ...........  H .......... .  .do. . . 

Tmabkf  t«flt  (Hjiclt  fictvtia>: 

He*d . . , .^ . .  .do.  _ . 

Parsed  (flnrvu ,...„,, ,  ,do, . , 

Flnc-A  Ihroug'h  lO-mesh  ticve  ..do, . . 

Time  exposed . ^^jf%, 

Cotidjtiow , .  - .  _^_„ , , ,..,., 

Water  absorptLon: 

In  19  diys „ , . , .  .pef  ceul 

Average  lor  first  4  dAjs. ..... .do. 

BpeoLflc  gravity  tappftrent  i 


3a  0 

ei.o 

71.0 

pa.  a 


B. 

4.0 


I 


^IrttcHo^n  analyain. 


LaboTBtory  No..... *_...... _,^...,.*.k^..,.,^.^*. ...,.^,,* , 

Air-drrtng  Joaa. .  „ , .per  cent. 

Extracted  by  CSi: 

Alx-fi  ried . . , _ do. . . 

.Vs  icei?i v«id _ , , . . . .  .do. , . 

Fitch  in  bilqttiets,  ila  »<*iUt'd . ,,..„,,_,...,,.,..,,  do. , . 


ftti^W 


4318 


W.42 


4543 


FttSl. 


m79 


t««1: 


9.11 


INDLA.N  TERRITORY. 


IlS^DIAX    TERRITORY    NO.   2.a 

Bituminous  coal  from  the  Ilartshorne  bed,  at  Hartshome,  on  the 
Rock  Island  Railroad,  was  designated  ^^  Indian  Territory  No.  2.''  The 
coal,  as  worked  from  the  outcrop  and  l)y  shafts  at  this  place,  aver- 
ages 4  feet  1  inch  in  thickness. 

Two  samples  of  coal  were  shipped,  as  follows:  Indian  TerritorjT" 
No.  2  B,  uninspected,  consisted  of  slack  screenings  (through  a  f-inch. 
shaking  screen)  and  was  used  in  steaming  tests  418,  453  (on  briquets), 
and  456  (on  Imquets);  washing  test  176;  and  briquetting  tests  135, 
136,  137,  138,  139,  145,  146,  147,  148*t,  149*,  157t,  and  168.  Indian 
Territory  No.  2  C,  sliipped  under  the  supervision  of  John  W.  Groves, 
consisted  of  lump  coal  over  a  1-inch  shaking  screen,  and  was  used  in 
steaming  test  455  and  l)riqiietting  tests  153,  154,  155,  and  156. 
Indian  Territory  Xos.  2  B  and  2  C  were  used  (mixed)  in  steaming 
test  417. 


a  For  other  tests  of  coal  from  this  mine,  made  during  1904.  see  Bull.  I'.  S.  deol.  Survey  No.  261,  1905, 
pp.  39,  67,  81,  124,  1$5;   and  Prof.  Paper  U.  S.  Ceol.  Survey  No.  48,  19(X^  pp.  69,  215,  5a5,  1337,  1439,  1467. 


TESTS INDIAN    TERRITORY, 
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Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon... 

Ash... 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Ash 

Sulphur 


CHEMICAL  ANALYSES. 

Indian  Territory  No.  2. 
Steaming  tests,  a  | 


B. 


I 


418. 


2.92 

36.14 

62.42 

8.52 

1.96 

4.94 
75.63 
1.91 
6.70 
8.78 
2.04 


453. 

456. 

3.29 

2.85 

35.25 

34.91 

53.15 

54.03 

8.31 

8.21 

1.52 

1.50 

4.93 

4.87 

7a  11 

76.28 

1.69 

1.71 

7.11 

7.16 

8.59 

8.45 

1.57 

1.64 

417     . 
(Band  455  (C) 


2.88 

36.40 

61.87 

9.86 

1.80 

4.89 
74.63 

1.88 

6.61 
10.14 

1.86 


2.70 

35.84 

63.40 

8.06 

1.46 

4.95 
76.57 
1.79 
6.91 
8.28 
1.50 


Briquetting  tests.b 
B. 


135,136.  137,  168.'^  *?il^'     139.         U<¥* 


3.01 
33.03 
49.64 
13.72 

1.76 

4.65 
71.08 

1.46 

6.76 
14.23 

1,83 


3.85 
34.06 
49.36 
12.73 

1.71 

4.54 
73. 17 

1.61 

6.66 
13.24 

1.78 


2.80 

35.  67 

53.77 

7.76 

1.58 

4.91 
75.63 
1.52 
8.33 
7.98 
1.63 


2.  l.i 

36. 97 

54.  14 

6.76 

1.47 

.').(>4 
77.98 
1.78 
6.79 
«i.91 
1.50 


o  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
b  Proximate  analysis  of  fuel  as  received;  ultimate  analysis  on  dry  ba^s. 

STEAMINO  TESTS. 
Indian  Territory  No.  2. 


Blzeas  used: 

Over  1  inch per  cent. 

i  inch  to  1  inch do. . . 

J  inch  to  }inch do... 

Under  J  inch do. . . 

Average  diameter inch . 

X)uration  of  test hours. 

^eatjhig  value  of  fuel . .  B.  t .  u.  per  pound  of  dry  fuel . 
^OTce  of  draft: 

Under  stack  damper inch  water. 

Above  fire do. . . 

furnace  temperature <>F . 

Ury  fuel  used  per  square  foot  of  grate  surface  per 

hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of 

water-heating  surface  per  hour poimds. . 

Percentage  of  rated  horsepower  of  boiler  developed. . 
Water  api>arently  evaporated  per  pound  of  fuel  as 

fired '. pounds . . 

Water  evaporated  from  and  at  212°  F.: 

Per  pound  of  fuel  as  fired do 

Per  pound  of  dry  fuel do 

Per  pound  of  combustible do 

Efficiencv  of  boiler,  including  grate i>er  cent. . 

Fuel  as  fired: 

Per  indiaated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  fuel: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


B  (slack). 


B  and  C.  C  (lump) 


Test  418. 1  Test  453.    .  J^!i  x  i  Test  417.  i  Test  455. 


.10 
9.38 
10.65 
66.02 

3.11 
3.84 

3.01 
3.72 


3.00 
3.71 


oSoopage  148. 

Remarks. — Teet  453  on  briquets  from  test  148*t:  Briquets  wore  l)a<lly  l)r()ken  up 
from  weathering  and  handling.  Fuel  l>unie<i  quickly,  with  uie<lium  flame,  intenso 
heat,  and  4.5  per  cent  black  smoke.  Considerable  of  the  slack  froui  the  l)riquots  foil 
through  the  grates.  Clinker  was  thin,  dark  gray  in  color,  uot  porous,  and  stuck  to 
the  grate. 

Test  456  on  briquets  from  tests  138  and  loTf:  Bricpiets  from  test  i:i8  burned  roa<lil\ , 
with  short,  yellow  flame,  intense  heat,  and  7  per  cent  l)lack  smoke.     Hric^^uets  froiu 
test  157t  burned  well  until  clinker  formed  over  the  grate.    Best  Tes\\\l»  ^exe  o\>>Vc\\\\^0^ 
when  hriquetg  were  JSred  whole;  8.5  per  cent  black  smoke.    CliivVeT  oiv  VjoXXv  \.^^V^ ^^v^ 


148 
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very  li^iivy  ajul  t4  a  ilark-jnirple  rokvr,  and  fonije<l  in  layorti.     Water  thiown  into  a^ 
pit  <lid  not  prevent  clinker  from  kicking  to  grate. 

Test  4 55 on  briquet ji*  from  test^  15^5,  154.155,  and  15G  (<H[ual  parts):  Sqnate  briquets 
did  not  give  as  grxxl  results  as  mnnd  unes,  owin^  to  kolefi  in  the  lirej  although i  they 
mmh^  kws  chnker  on  account  fif  t<h>ler  tire;  8  per  t-ent  black  smoke.  Clinker  waa 
toijght  purple  in  colore  farmed  a  thin  lavfr  nv^r  iind  stuck  to  the  grate. 


WASHING  TEST 
IiKJian  Territory  No.  2  B. 
TtMt  11^. — Size  an  ahipjx^ij  i^tlack.     Size  a^  uHed>  alack 


lifflw  coal,  38,000  pounds, 
pfjundw;  22  per  cent. 


Jigu«e<l,  niodilied  Stewart. 
Washed  ccml,  29,060  pounds;   1%  per  cent.     Refuse,  8^&40 


E«ir 


VoJAtit^aui^r*  **•*,,....*, A „»^^.^.^......- : —..-„.  3^17 

Ftxed  carbon.,....- ,..,.... ._.^ ,-,.,,.. ..,.J  m^m 

Aah .,-.-„<...,.,..,-.-.,.-.......-.„...-*,„ I  11 » 

Sulphur.  ...*-... -^-.- ..„..-— ■._.—^. ..._..,.,  4  L7» 


&61 


s.3r 


BRICIUETTING  TESTS » 

Indian  Tf^rritory  No.  2. 

TuU  ISS,  ISS^  137,  145,  i4S,  147,  J^**t,  and  im  {toal  B,  raw  »todt).— Then?  was  wa 

apparent  diff<^rcnf'p  in  Fn^Iish  briquets  with  6,  7,  and  8  per  f-rnt  binder.  A  small  Int 
with  .5  per  cent  l)inder  showed  shortage  of  pitch.  Pressure  on  machine  was  changed 
during  making  of  Renfrew  briquets,  as  indicated  in  tests.  All  briquets  were  satis- 
factory, having  sharp  edges,  hard  surfaces,  and  clean,  rough  fracture;  could  be  handled 
from  machine  while  warm  and  piled  5  feet  high  without  sticking  together  or  crushing. 
For  analj'ses  of  briquets  see  page  147  (briquets  from  test  148*t  under  *' Steaming  test 
453'). 


k 


Teat 
135. 


Test 
136. 


Test 
137. 


Test 
143. 


Test 
146. 


Test 
147. 


Test 
148*t. 


Test 
168. 


Details  of  manufacture: 

Machine  used Eng. 


Temperature  of  briquets  . .  .^F. 
Binder— 

Kuid 

Laboratory  No.  (see  p.  40) . . . 

Amount . .  * per  cent . . 

Weight  of— 

Fuel  briquettcd pounds. . 


185 

w.g.p. 

3258 

6 

11.000 
3.4<i 


12. 400 
12.317 


Briauets,  average do 

Heat  value  per  pound — 

Fuel  as  received B.  t .  u 

Fuel  as  fiivd ^\o. . 

Binder do....    Hi. 373 

Pnn>  test  U-inoh  s<^reon  ; 

tleld {x^r  tviit 

rrts,<«Mi do 

Tumbler  test  (l-inoh  st^nxnr  : 

Hold do 

TasstMi d<^ 

Fines    through    liVniosh    sievo. 

ivr  otMit 

Weathering  test: 

Time  exp*>s*\i days.  :;<vi 

Condit  ion U . 

Water  absorption: 

In  10  days jx^r  ivnt 

.V.verag^>  for  lirst- 

13davs do 

r»  day's do 

SpeoitW  gnivity  (,apiv»rtMit  > 


Eng.   Eng.  I  Eng. 

185     185  I    185 


Eng. 
185 


,.g.p.  ,  w.g.p.  1  w.g.p.  w.g.p. 
3258    3296    3486    3623 


22.000  70.000   16.000 


3.SS 


3.77  '   3.53 


12.400  ;  12.400 
12.317  12.4*^1 
1»'..373   16.427 


j:i^* 
B. 


12.033 
12.S11 
16.241 

SI.  7 
IS.  3 


2t>.7 
S<>.o 


14o 
B. 


16.000 
3.64 

12.033 

12.811 
16.241 

82.8 
17.2 

79.  S 
■20.2 


14x1 
A. 


1 .  (V.>  .  72 


Eng. 
185 

8 

16.000 
3.43 

12.033 

12.811 
16.241 

84.2 
15.8 

80.8 
19.2 


145 
A. 

11.4       I 

.84 

""i.'076"i 


Rent. 
149 


19,400 
0.515 


58.5 
41.5 


81.0 
19.0 


95.4 


144 
B. 


1.117 


Renf. 
149 


99.000 
0.506 


12,033  12,400 
13,412  12.481 
16.407  I     16,427 


239 
B. 


TESTS — INDIAN   TERRITORY. 
Extraction  analyses. O' 
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Laboratory  No 

Air-drjriM  loss per  cent . 

Extracted  by  CSt: 

Air-dried . . . , do. . . 

As  received do. . . 

Pitch  in  briquets  as  received, 
per  cent 


Fuel. 


3381 
1.50 


3472 
3.80 


.43 
.41 


Briquets. 


Tests 
135,  136. 


3262 
1.50 


4.80 
4.72 


5.50 


Test 
137. 


Tests 


Test 


145  146.1     jlj" 


3342 


6.32 
7.32 


3520 
1.00 


8.87 
8.78 


10.19 


4086 
1.30 


6.11 
6.00 


6.57 


Test 
168. 


8.84 
10.40 


o  The  extraction  analyses  of  the  pitches  used  can  be  found  by  referring  to  page  40. 

Tests  138,  139,  149*,  and  157^  {coal  B,  washed  slack);  tests  153, 154,  155,  and  156  {coal 
C,  lump). — Tests  138  and  139  were  made  from  the  first  sample  sent  to  the  plant,  and 
tests  149*  and  157t  from  the  second  sample.  Excellent  briquets  were  made  with  8 
per  cent  binder.  The  English  briquets  showed  the  advantage  of  higher  pressure  by 
being  harder  and  closer  grained  and  having  smoother  surfaces  and  sharper  edges. 
Similar  differences  mark  the  superiority  of  these  briquets  over  those  from  tlie  same 
slack  unwashed.  • 

The  briquets  made  from  lump  coal  (C)  may  be  considered  as  standing  in  value 
between  those  made  from  washed  and  those  made  from  unwashed  slack  from  the  same 
mine;  they  are  identical  in  appearance. 

For  analyses  of  briquets  see  page  147  (briquets  from  tests  138  and  157t  under ''  Steam- 
ing test  456/'  from  tests  153,  154,  155,  and  156  under  "Steaming  test  455"). 


Details  of  mannfactore; 

Machine  used 

Temperature  of  briquets. ..**  ¥.. 

Binder- 
Kind 

Laboratory  No.  (see  p.*  40) . . 
Amount per  cent . . 

Weight  of— 

Fuel  briquetted pounds. . 

Briquets,  average do 

Heat  vfiQue  per  pound- 
Fuel  as  received B.  t.  u.. 

Fuel  as  fired do 

Binder do 

Drop  test  (1-inch  screen) : 

Held per  cent . . 

Passed do 

Tumbler  test  (1-inch  screen) : 

Held do.... 

Passed  (fines) do 

Fines   throu^   lO-mesh  sieve, 

percent 

Weathering  test: 

Time  exposed days. . 

Condition 

Water  absorption: 

In  19  days percent.. 

In  15  days do 

Average  for  first— 

5  days do 


12  davs do 

Specific  gravity  (apparent) 


15(J 


BKPUBT   V\   S.   FUElrTESTlNG  PLANT,  1&06-7, 


Exiracii&ji  ajtulyMitJ^ 


Fiid. 


Te«tl3D.   Test  lie*. 


LiAboTiatory  Ntt ,  ^^^  ^^ . .  ^., 

Alr-ilryififf  ioM . ...  *  .per  cent , 
ExEriicteJ  by  CSi: 

Ai  MlritHi ,  .do„ . 

Afl  reci^ired. .do. . . 

Pitch  in  hrtqil«itft,  as  ivovJTvd» 
ppr  cen^. ... .... 


mm 


a43 

,41 


3487 

i.oa 

LOl 


BHqU^ts. 


1.3Q 


7.67 
T.5B 


S.75 


0  fi 


0.43 
(J.  40 


iiSa 


Tests 
t38|lS7t. 


4K» 


UlIO 


a^ 


Fa^i. 


ms7 


1.00 


154,155, 
IS&. 


4Ce9 


5,75 
5w70 


h.m 


^  ThM  bxtntcUon  jmiuJjvjm  of  tbe  pitcitieii  used  <>aj]  be  fDuM  b^  nforrliig  to  p.  40. 

INI>IAIf  TEERITORY  NO.  8. 

Bituminous  coal  sent  in  uniBspected^  dcsignateil  Intlian  TerritoTT 
No»  8,  was  used  in  steaming  test  4^37  ami  washing  test  175, 

*  CHEMICAL  AKALYSES. 

Indiim  Tyrritury  No.  n. 


1  St8wmlii£ 

test  «I7.  a 

2.80 
35.tt7 

mtimnts: 

Hvdrogi^n -IM 

\'~iii(^f.iiit  rfi^t.lAr           ^        .  J, . .   . . 

Cfljbon ....                               ..... 

7A.fia 

Flx£<t  carbon...., .,,».,«,>« 

Kltrogbn  ,..,,-..„„ .  ,,..,_, 

1^63 

Ash „.,...,->*.*...**. 

SJ^ir-;;::::::::::::::::::::::: 

ara 

Snlnfaiir. ^.   ..         ,     ...^  - 

7.00 

SulphUT..... 

Liia 

«  Proximate  analysis  of  fiiel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 


STEAMING  TEST. 
Indian  Territory  No.  8  (washed,  Renfrew  briquets). 


Duration  of  tost hours. 

Heating  value  of  coal B.  t.  u,  per  pound  dry  coal. 

Force  of  draft: 

Under  sta<?k  damper inch  water. 

Above  fire do. . . 

Dry  coal  used  p<^r  square  foot  of  grate  surf  aw  p^r  hour pounds. 

Equivalent  water  evaporated  p<^r  square  foot  of  water-heating  surface  p<'r  hour do. . . 

Percentage  of  rated  hors*^power  of  i)oiler  developt^<i 

Water  appan-utly  evaporated  piT  ponud  of  coal  as  finM pounds. 

Water  evaporated  from  and  at  '2V2°  ¥.: 

Per  pound  of  coal  as  finvi do. . . 

Per  pound  of  dry  coal do. . . 

Per  pound  of  combustible do... 

EfTiciency  of  boiler,  including  grate per  cent. 

Coal  as  fln-d: 

Per  indicated  liorsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  coal: 

Per  intiieated  ht^rsepowtT  hour do. . . 

Per  electrical  horsepowrr  h<nir do. . . 


Test  437. 


7.45 
13.932 

0.70 
.05 

19.31 
3.43 
96.0 
7.45 

8.64 
8.89 
10.08 
61.62 

.3.27 
4.04 

.3.18 
3.93 


TESTS — INDIAN   TERRITORY. 
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WASHING  TEST. 

Indian  Territory  No.  8. 

Test  17^.— Jig  used,   Stewart.     Raw  coal,  37,600  pounds.     Washed  coal,  32,300 
pounds;  86  per  cent.     Refuse,  5,300  pounds;  14  per  cent. 

Analyses. 


Moisture 

Volatile  matter. 
Fixed  carbon — 

Ash 

Sulphur 


Raw 
coal. 


Washed 
I     coal. 


1          3.77 

8.97 

32. 65 

1        51.15 

■ 

1        13.43 

8  46 

1          1.79 

1.66 

INDIAK  TERRITORY  NO.  9. 

Semianthracite  coal  from  Panama,  on  the  Kansas  City  Southern 
Railroad,  was  designated  Indian  Territory  No.  9. 

One  sample,  shipped  uninspected,  consisted  of  run-of-mine  coal, 
and  was  used  in  steaming  tests  449  and  450  (on  briquets),  and  bri- 
quetting  test  167. 

CHEMICAL  ANALYSES. 

Indian  Territory  No.  9. 


Car  sam- ! 
pie.      I 


Steaming  tests,  a 


449. 


450. 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon... 

Ash. 


Sulphur. . . 
Ultimate: 
Hydrogen. 

Carbon 

Nitrogen. . 


"S*"";. 


4020 
4.50 

5.11 
13.65 
73.21 
8.03 
1.18 

4.65 

78.37 

1.60 

6.17 


I 


3.81 
13.62 
76.16 
6.41 
1.17 

4.39 
84.26 
1.72 
1.75 
6.66 
1.22 


Sulphur 

Calorific  value  determined  (as  received) {b^i.'^u^;  ".       13',662 

a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figurpd  from  car  sample. 


3.39 
17.15 
72.04 
7.42 
1.15 

4.23 

82.  89 
1.61 
2.40 
7.68 
1.19 


STEAIONO  TESTS. 

Indian  Territory  No.  9  (run  of  mine). 


Size  as  used: 

Over  1  inch .». por  eont . 

finch  to  1  inch do... 

{inch  to  i  inch do... 

Under  I  inch. do. . . 

Average  diameter inch. 

Doration  of  teat h  ou  r.s . 

Heating  value  of  fuel B.  t.  u.  per  pound  dry  fuol. 

Focoe  of  draft: 

Under  stack  damper inch  water. 

Above  fire do . . . 


Tost  440. 

Test  450. 

7.5 

8.1 

12.4 

-Sevp.  l.'')2 

72.0 

0.35 

10.2 

«).97 

14,(i82 

14.(j()2 
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BTEAKIH{}  TESTS-— 4\intLnue>fJ. 
Indian  Temkvy  No,  9  (run  of  milift). 


Diy  fail  wmd  per  •quai*  fool  nf  grste  fiurfajw  p»r  hour  _,„„*_...._„  .poiinde. . 
B(|tiiv*ieQf  Wftter  eTaporatod  per  sQUaiv  foot  of  waUir-liAatlQg  «iirfiM»  pet  lunir, 

poondi. 


PeiDQDUgc  of  ntUsd  horaepowvt  of  iMAisr  di^v^loped . ....... ....... 

Wiit«r  upptirentLy  i?vfipomt£d  perpouod  eH tveA a* llred. .........,*.. 

Water  eviftponilHi  fFOm  and  at  212^  F.: 

Per  pound  ol  fuel  m  Anid..,.. ., -..,,. ..„., .„dti^,. 

Per  pound  of  dry  fupj„.^.^^,.  ***,„,,,..,,,,,,,, ^.,....,,,.,.....,..,...do^.. 

Fpt  pound  of  combuetiible - -*^.. . .  _.*_^>.- .--._-., ...do. . . 

BiActeDov  of  boiler,  Including  grale. ,..-._.. ....^<,.^.. ,..._. -^ pBt:oeB^. 

Per  lndiiC»t*4  boff^povmr  hour. ..... . .«, poondfl. 

PervLectrtcalhorHspowerboilr.. .-_..,..,,., .„,,.,.,, do... 

Dry  ftH'J: 

Per indlCfiied  borwpowvr  hour.^.,^.....^... , >.-,,, .,.do.., 

Per*U*:tileAl  borsi^powBT  bour,.  ,,.,,,.,-,,*,..,-,.^ .do.,. 


T*»t4«. 

2.513 

10.0 

3.1C 

3.00 

3.75 

T««t4SEt 


2,n9 

IS. 47 

3.05 
109.2 

e^ 

989 
IIJ0 

3.si 


b 


J^e/ftori*, — Tc«t  450  un  briqueta  from  teat  167:  Fuel  burned  with  short  fimn^,  devel- 
oping very  high  tf^mperature  and  no  ^moke.  A  fimall  amount  of  diiUcer  wst&  formed j 
whidi  dtd  not  itick  to  gr&tat. 

BaiQUETTINQ  TEST. 

Indian  Territory  No.  9  (run  of  mine). 

Tkgt  167. — SU^  aa  uied:  Over  I  ineh,  O.B  per  eent;  ^  inch  to  i  inch,  3.6  per  cent; 
^(f  inch  to  ^i^  inch^  12.*>  p<*r  cent;  |^  inch  to  i\  inch^  25.2  p^r  cent;  through  :^  inch, 
67.8  per  cent.  Excellent  briquets  made  with  7  per  cent  pitch,  which  could  be  reduced 
by  increasing  pressure  of  machine.  Briquets  were  hard,  with  smooth  surface  and 
glossy,  clean  fracture;  easily  handled  from  machine  while  hot,  but  became  somewhat 
brittle  when  cold.     For  analyses  of  briquets  see  page  151  (steaming  test  450). 


Details  of  manufacture: 

Machine  used 

Temperature  of  briquets •'F. . 

Binoer— 

Kind 

Laboratory  No.  (see  p.  40) 

Amount per  cent. . 

Weight  of- 

Fuel  briquetted pounds. . 

Briquets,  average do 

Heat  value  per  pound- 
Fuel  as  received B.  t.  u. . 

Fuel  as  fired do 

Binder do 


Drop  test  (1-inch  screen) : 

Held per  cent 

Passed do. . 

Tumbler  test  (1-inch  screen) : 

Held do.. 

Passed  (fines) do. . 

Fines  through  10-mesh  sieve  .do. . 

Weathering  test: 

Time  exposed days 

Condition 

Water  absorption: 

In  18  days per  cent 

Average  for  first  5  days do. . 

Specific  gravity  (apparent) 


62.5 
37.5 

82.6 

17.5 
93.0 

31 
B. 

16.6 
2.62 
1.090 


Extraction  analyses. 


Lal>oratory  No 

Air-drving"  loss yyoT  cent . 

ExtracU>d  bv  CS,: 

Air-driod do. . . 

As  received do . . . 

Pitch  in  briquets  as  received do . . . 


Pitch. 


4120 


Fuel. 


4020 
4.50 


Briquets, 
test  167. 


4325 
0.90 

6.20 
6.14 
&83 
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-KANSAS. 


KANSAS  NO.  2.a 


Bituminous  coal  from  the  lower  Weir-Pittsburg  bed  at  Yale,  Craw- 
ford County,  was  designated  Kansas  No.  2  B.  The  coal,  as  worked  at 
a  depth  of  36  feet  at  this  place,  averages  3  feet  in  thickness. 

One  sample  consisted  of  slack  coal,  shipped  uninspected,  and  was 
used  in  steaming  tests  (on  briquets)  487,  488,  and  495;  washing  tests 
191  and  191a;  and  briquetting  tests  182*t,  183*,  194*,  195,  199*, 
203*,  and  204*. 

CHEMICAL   ANALYSES. 

Kansas  No.  2  B. 


Car 
sam- 
ple 
4361. 


Proximate:  i 

Moisture 1      8.01 

Volatile  matter i    2a  39 

Fixed  carbon I    45.22 

Ash 20.38 

4.70 


Sulphur... 
Ultimate: 
Hydrogen. 

Carbon 

Nitrogen.. 

aS*^:;:: 

Sulphur... 


Steaming  tests." 


Briquetting  tests.b 


4«7. 

488. 

9.43 

4.64 

29.71 

28.40 

43.67 

46.56 

17.19 

20.40 

4.15 

4.49 

4.28 

5.03 

66.12 

64.05 

1.03 

1.20 

5.01 

3.62 

ia98 

21.39 

4.58 

4.71 

495. 


195.         199.*    '    203.*        204.* 


7.64 

4.23 

32.49 

32.64 

51.52 

53.57 

8.a5 

9.56 

3.60 

3.36 

4.61 

4.81 

74.58 

76.20 

1.25 

1.20 

6.62 

4.34 

9.04 

9.99 

3.90 

3.51 

2.78 
31.67 
46.78 
ia77  I 

4. 3*)  J 

4.35  I 

66.00  I 

.96  i 

4.89 
19.32  ! 

4.78  I 


2.89 
33.04 
52.26 
11.81 

3.84 

4.32 
72.13 

1.09 

6.33 
12.18 

3.95 


3.20 
33. 95 
.>1.  5^i 
11.32 

3.  S2 

4.  55 
73.  25 

1.12 
5.40 
11.73 
3.95 


<s  Proximate  analysis  of  fuel  as  fllred;  ultimate  analysis  of  dry  fuel  figured  from  car  sample, 
b  Proximate  analysis  of  fuel  as  received;  ultimate  analysis  on  dry  basis. 


STEAIONO  TESTS, 
^^ansas  No.  2  B  (briquets). 


495  (w  ). 


Duration  of  test hours. 

Heating  value  of  fuel B.  t.  u.  per  pound  dry  fuel. 

Force  of  draft  with  reference  to  atmospheric  pressure: 

Under  stack  damper inch  water. 

Above  flre .^ do. . . 

Furnace  temperature, °F 

Dry  fuel  used  per  square  foot  of  grate  surface  per  hour pounds 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface 

per  hour pounds. 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  fuel  as  fired pounds. 

Water  evaporated  from  and  at  212°  F.: 

Per  pound  of  fuel  as  fired do. . . 

Per  pound  of  dry  fuel do . . . 

Per  pound  of  combustible do. . . 

Efficiency  of  boiler,  including  grate per  cent. 

Fuel  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  fuel; 

Ptor  indicated  horsepower  hour do. . . 

Per  electiical horsepower  hour do... 


8.07 
9.39 
10.53 

3.26 
4.03 

3.01 
3.72 


a  For  Other  teftt  of  ooai  from  this  mine,  made  during  1904,  sec  Bull.  U.  S.  Oool.  Survey  No.  261,  1905, 
I^.  44,  81, 125, 150,  and  Prof.  Paper  U.  S.  Geoi.  Survey  No.  48,  1906,  pp.  84,  227,  593,  1345,  1443. 


^  -   iJi 
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BEPOBT   U,   S.    FUEL-TESTING    PLANT,   H 


Rtmsrhs.'-Tmt4S7on  briqu«*tefrttm  teat  182  *t;  t^^t  488  cm  bririUftsfrom  te«t  1S3* 
Englbh  briqu€*U  firtnl  whalo  liumed  friji^^ly  witii  hut  tlri*  Atid  2.5  p^T  ft'iil  bla**k  t^moke- 
RenfKtw  briqyetw  Humed  qtiickJy  with  inodiuui  flume,  ioi^uat?  heat^  and  wo  imoke. 
Euglbh  briquets  msuit:  40  per  c^nt  and  Rt-nfpuw  liriqiii^t^s  51  fM*r  cent  cljnkt^',  ninker 
in  Ixith  l*:^li5  M*as  vory  Lhir.k,  nonporoua,  hard  to  break  up,  and  neftriy  black  in  color. 
It  did  not  Htiek  to  gmte^. 

Te«t  495  on  briquets  from  teet  lft4  *.  Burned  freely  with  short  flame*,  and  high 
furnace  temporature ;  without  breaking;  raadr  I  ft  pnr  rent  black  smoki-;  4ti  pf^r  ri>nt 
clinker;  a^h  contained  unhumi,  fint-  eoal^  due  to  disintegration  irf  briquets  during 
eombu^ion.     (See  p*  165.  j 


WASEOFG  X£STS. 
KanBos  No.  2  B  (dMck). 


Twtl^ 


t^fliin^. 


DuTHticin  of  te^t . hnuTs  2  3^ 

JSgjtdjuatTafijit^  I 

Ua^ti  or  number. .  Specif.  SpKi^. 

Spwd .r-p.tti..  7W  i  70 


Raw  cofU ..,..,,...,.  ntOHa. 

W"*^^'^"^ {pi.v'S^ii: 

RefUK. J^^^'^^r 


Ttft  ltd.  Test  t9l4L. 


79 
21 


05 

ia.75 

S5 


dtflolfiit. 


i^ 

Uo4«- 

turn 

A4h. 

Salphiir. 

Sample  t««t«d. 

10.  »7 

Peromt 
ticm. 

ifa,^        Pfer  cent 

""^'     ^     tion. 

Raweo4t»cardLiUtiit)i! -  ---  --  ..^.^ 

43tit 

4410 
4518 

12AI 

4,:d  1   ...    .,. 

TBrtlfli. ,_,,,..,.,- 

3,72  1                21 

T«flt  l«l» ._.„_..„. 

3.m  <          m 

Refliic^. , „„„„.,.,„„ 

11-32    ...   ..... 

Float,  and  9inh  tests. 


No.  of  test. 


On  raw  coal  (preliniinan) : 


On  refuse  (lloat)"  of  test  \\H: 
1 


Specific 
gravity 
of  solu- 
tion   \ 
used. 


1.3('» 
1.41 
1.47 

1..V. 

i.r. 

1.40 
1.4(. 

i.:sj 


Percentage  of 
lloat. 


To 
refuse. 


Analyses. 


Sink 


Ash- 


Sulphur. 


To 

total 

sample. 

cent ) . 

Per 

Per 
cent 

Per 

cent. 

reduc- 

cent. 

tion.    1 

(■<(■> 

34 

4.48 

78 

2.63 

74 

2ii 

-).  31 

74 

2.78 

7s 

•>i 

'y  73 

72 

3.19 

M 

VJ 

C.  IS 

70 

3.31 

l.«»4 

4.30 

2.58 

•2.  It. 

'..  04 

2.92 

.'.  1(. 

7.-^3 

3.57 

■J.  K. 

7.71 

3.81 

Per 
cent 
reduc- 
tion. 


41 
32 


•»  Loss  of  goo«i  coal.  J. I''  por  t 
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BBIQUETTINO  TESTS. 
Kansas  No.  2  B. 

Tests  182* y  18S*,199*{raw  slack).— Size  as  used:  Over  J  inch,  1.0  per  cent;  ^^^^  inch 
to  i  inch,  4.8  per  cent;  -^  inch  to  ^  inch,  12.6  per  cent;  :^  inch  to  ^  inch,  23.6 
per  cent;  through  :^  inch,  58.0  per  cent.  Briquets  showed  the  same  characteristics 
as  those  made  from  washed  coal,  except  that  they  were  harder  when  cold;  fracture 
harder  and  rougher,  owing  to  high  ash  present.  For  analyses  of  briquets  see  page  153 
(briquets from  test  182*t  under  ''Steaming test  487,"  from  test  183* under** Steaming 
test  488"). 

Tests  194*, .196,  203*,  204*  {washed  «tec*).— Size  as  used:  Over}  inch,  0.8  per  cent; 
^jf  inch  to  }  inch,  4.8  per  cent;  ^  inch  to  ^\  inch,  12.6  per  cent;  ^  inch  to  ^V  ii^^h» 
21.4  per  cent;  through  :^  inch,  60.4  per  cent.  Satisfactory  English  briquets  were 
made  with  7  per  cent  binder  and  Renfrow  briquets  with  8  and  9  per  cent  binder;  there 
being  no  apparent  difference  in  these  two  kinds.  All  had  smooth  outer  surface,  were 
well  molded,  with  sharp  edges,  clean,  rough  fracture,  and  did  not  break  in  handling 
while  warm.  After  the  briquets  became  cold  those  with  9  per  cent  binder  showed 
less  effect  of  abrasion  than  those  with  8  per  cent  binder.  Renfrow  briquets  showed 
deficiency  of  pressure.  For  analyses  of  briquets  see  page  153  (those  from  test  194* 
under   *  Steaming  test  495  "). 


I>e tails  of  manuiacture: 

Machine  used 

Temperature  of  briquets °F. 

Binder- 
Kind 

Laboratory  No.  (see  p.  40) 

Amount per  cent. 

Weight  of— 

Fuel  briquetted pounds. 

Briquets,  average do. . . 

Heat  value  per  pound- 
Fuel  as  received B.  t.  u. 

Fuelasfired do... 

Binder do 

Drop  test  (1-inch  screen): 

Held per  cent . 

Passed do... 

Tumbler  test  (1-lnch  screen): 

Held do... 

Passed  (fines) do. . . 

Fines  throum  lO-mesh  sieve do. . . 

Weathering  test: 

Timeexi>osed days. 

(Condition 

Water  absorption: 

In  19  days per  cent . 

In  13  days do... 

Average  for  first  4  days do. . . 

Specific  gravity  (apparent) 


From  raw  slack. 


Test       Test 
182n.      183*. 


7  I 

40,000  i 
3.95 

10,640 
11,043 
16,969 

89.1 
10.9 

85.2 
14.8 
71.6 

12 
B. 

9.2 


1.15 
1.198 


Renf. 
149 

w.g.p. 

4543 

7 

40,000 
0.482 

10,640 
11,221 
16,969 

69.0 
31.0 

91.0 
9.0 
94.7 

12 
A. 


1.95 
1.170 


Test 
199*. 


Renf. 
149 

w.g.p. 

4683 
8 

68,000 
0.455 

10,640 
11,795 
16,637 

61.0 
39.0 

88.5 
11.5 
97.5 


12.4 
2.23 
1.143 


From  washed  slack. 


Test 
194*. 


Test 
195. 


Eng. 

Eng. 

176 

176 

w.g.p. 

w.g.p. 

4543 

4683 

7 

7 

12,000 

24,000 

3.65 

3.61 

13,243 

13,243 

12,841 

12,982 

16,969 

16,637 

84.9 

81.4 

15.1 

18.6 

80.8 

83.5 

19.2 

16.5 

87.2 

7.4.6 

4 

3 

A. 

A. 

8.7 

9.7 

1.35 

1.43 

1.122 

1.105 

Test    I  Test 

203*.    I  204*. 

Renf.  !  Renf. 

149  149 

w.g.p.  w.g.p. 

4683  4fm 

8  9 


16,000  I 
0.441  I 

13,243 
13,012 
16,637 

64.0 
36.0 

84.5 
15.5 
94.7 


13.6 
2.50 
1.044 


24.000 
0.417 

13,243 
13, 104 
16,637 

52.5 
47.5 

80.5 
19.5 
94.3 


ia.9 
2.23 
1.098 


Extraction  analyses. 


u 

Pltidws. 

Briquets. 

Fuel. 

Test 

Teat 

Test  ;  Tiist  1  Teat 
190*.    liJ4*.     195. 

Teat 
203*. 

Trst 
204*. 

Lftboratorv  No^ . , . . .  ^ 

1543       46Sa 

4361 
6.60 

.50 
.47 

4&1S 

4374 

7.00 

7.12 
fL21 

3,00 

,..„J  4423  1  4fW0 
..   .   .    0*30    . 

4^iB4 

an'SJi 

Air-*lryinglosa... 

EaaraLtedfby  CS,: 

Alr^diW-..-. 

1     "^   ' 

do.... 

do.... 

•a  reostred. 

mfi^'    *^^^^ 

.  *   7,14  '  * 

Ai  ra»l¥Qd... 

Flldi  in  brlqueU 

percent 

6,61     e.TO  1  &60     7.(fi  1     7.^ 
R.oi  '  6.»Q    A.ffit    7. an     fi '^^ 

1             1 

^F 


m^ 
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REPORT    U.    S.    FUEL- TESTING   PLANT*   1900-7* 


KAK6A8   NO.  fl. 

Bituminous  coal  from  Jevvett,  Linn  County,  on  the  Missouri 
Piu'iflc  Railroad,  was  designated  Kansas  No.  ti.  The  coal,  as  worked 
at  a  depth  of  88  feet  at  this  place ^  aA^erages  2  feet  10  inches  in 
tliickness. 

Tim  sample,  shipped  under  the  supervision  of  W-  J.  Vou  Borries^ 
consisted  of  lump  coal  over  a  1  i-inch  bar  screen  and  was  used  in 
making  steaming  tests  311  and  323;  producer-gas  test  101 ;  washing 
test  148;  coking  tests  113  (raw)  and  115  (washed);  and  cupnia  test 
122  (washed  coal). 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
2790  was  cut  S^OOO  feet  northeast  of  the  shaft,  >^here  the  coal  tneas- 
ured  2  feet  10  inches  in  thickness.  Sample  2791  was  cut  1 ,200  feet 
noiihwest  of  the  Imttom  of  the  shaft,  where  the  coal  measured  2  feet 
3  inche*4  in  ihickness. 

OHEHIGAL  AITALYSES. 
K&itaaa  Nil.  G. 


trfitjor*tory  No ,.....- , -** 

Air-ttrying  los*..^,*. .^... ^._>.....^^..^.. 

Pro  xi  ma  tat 

Uolatiin^. ,...«.  «^..,.„,^-.^ ....^.... 

Voliitih*  metier. . 

FixDd  carbon^ ^.^ ....... ^^^ 

Aah_... , ,„„ 

Sillphur........... ......->.. - 

Hydro^PD-.  ■.,..... -..^. r..  _..... -_._...... 

CarbniJii., ,,„. ..,,,,. ,,^,,,..^, 

Nitroswjn 

?^[r;;:::::::::::::::::;:::;:::::;;:::::::;: 

Stilplmr....... ....,_, „, _. 

mtfminM..., ITi^^T: 

CAtoulttt^d  iTOiii  lUUmatft  jinalypis. .  -{'^y*** 


S;aikt¥ilni;  t«st«.a 


Ul. 


aaa. 


&.3S 

11.71 

^.33 

^.23 

la.se 

47.61 

15.53 

10.45 

a.  42 

2.  ft* 

4.4!^ 

4,?S 

ft7-M 

72.fia 

1,18 

L28 

e.07 

6..^ 

16.99 

11,83 

1   ■ 

%9& 

J  .  1  ir-  ^  -  .  .  .  . 

1           *" 

^ 



a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
STEAUNO  TESTS. 

Kansas  Ko.  fi  (lump). 


Te^taii. 


Test 
323  (w.). 


Size  as  useil : 

Over  1  inch per  cent... 

i  inch  to  1  inch do 

i  inch  to. i-inch do 

Unier  J  inch do 

Duration  of  test hours. . 

Heating  value  of  coal H.  t.  ii   p*T  pound  dry  coal. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temperatun^ *'F. . 

Dry  coai  used  per  squan^  foot  of  prate  surfao*^  jx^r  hour pounds. . 


42.8 

38.7 

21.4 

25.3 

13.7 

17.7 

22.1 

18.3 

9.98 

7.20 

12,343 

13.  IS.'y 

0.58 

0.52 

.13 

.15 

2,313 

2,670 

18,62  , 

22.34 

TESTS KANSAS. 
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STEAMING  TESTS— Continued. 
Kansas  No.  6  (lump). 


Eqiiivaleiit  water  evaporated  per  square  foot  of  water-heating  surface  per  hour, 

pounds 

Percentage  of  rated  horsejwwer  of  boiler  developed 

Watef  apparently  evi4>orated  per  pound  of  coal  as  fired pounds. 

Water  evaporated  from  and  at  212*'  F.: 

Per  pound  of  coal  as  fired do. . . 

Per  pound  of  dry  coal do. . . 

Per  pound  of  combustible do. . . 

EflBciencv  of  boiler,  including  grate per  cent. 

Coal  as  m-ed: 

Per  indicated  horespower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  coal: 

Per  indicated  horsejwwer  hour do. . . 

Per  electrical  horsepower  hour do. . . 


Test  311. 


Test 
323  (w.) 


2.93 
82.2 
6.03 

7.23 
7.88 
9.89 
61.65  j 

3.91 

4.83  j 

4.43  i 


3.80 
106.6 
6.24 

7.53 

8.52 

9.92 

62.64 

3.75 
4.64 

3.32 
4.10 


PRODUCEB-OAS  TEST. 

KauHas  No.  6  dump). 

Test  101. — Size  as  used:  Over  1  inch,  64  per  cent;  i  inch  to  1  inch,  17  per  cent; 
J  inch  to  J  inch,  9  per  cent;  under  J  inclT,  10  per  cent.  Duration  of  test,  13J  hours. 
Average  electrical  horsepower,  198.9.  Average  b.  t.  u.  gas  per  cubic  foot,  155.2. 
Total  coal  fired,  4,500  pounds. 


Coal  consumed  in  producer  per  horsepower  hour  (pounds). 

Per  electrical  horsepower: 

CommereiaUy  available 

Developed  at  switchboard 

Per  brake  norsepower: 

Commercially  available 

Developed  at  engine 


Equivalent  used  by  producer  plant  (pounds). 


Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard . 

Per  brake  horsepower: 

Conunercially  available 

Developed  at  engine 


Coal  as 
fired. 


1.73 
1.66 


1.47 
1.41 


1.56 
1.49 


Dry  coal, 


Combus- 
tible. 


1.5() 
1.49 


1.33 
1.27 


1.66 
1.68 


1.41 
1.36  i 


1.33 
1.27 


1.13 
1.08 


1.41 
1.35 


.20 
.15 


Analyses. 


GmI. 


Oas  by  volume. 


Moisture 9.85  '   Carbon  dioxide  (CO,) 8.2 

Volatile  matter 30. 19  |  Carbon  monoxide  (CO) 21. 0 

Fixedcarbon 46.68      Hydrogen  (11,) 12.7 

Ash 13.28  ;   Methane  (CH<) 2.1 

Sulphur 3.04      Nitrogen  (N,) 55.4 

Ethylene  (C^H^) 6 


WASHINO  AND  COKING  TESTS. 

Kansas  No.  6  (lump). 

Washing  test  148, — Size  as  used,  crushed  to  2-in(h.     Jig  used,  Stewart. 
24,000  pounds;  washed,  22,000  pounds;  refuse,  2,000  pounds. 


Raw  coal, 
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Coking  tests. 


Size  iLs  uwd...  .„,,.,,„*,.,_,.„**.,,,,,.,*.* , * ^., „,,... ***►.„ 

Dilfw Uon  ol  Icist -. -. houtv. . 

Couifilmrged.., _, ^_^_..^, „.^_.__, . ^.,,.„.,..poiuid*,. 

Cfkr  pf<w].i«Ml -{iirw-nt:: 

Bn.««,  p«,dn»d fc?SSi"i:: 

TtJtal  yti^ld., „,,,,.„„„ ,,.„ ,,,, ...„,... .do... 


Test  113 

Test  115 

(raw). 

(w.y. 

l,e. 

I.e. 

i7 

« 

10,000 

12,000 

fi,443 

0,430 

£4  4:1 

5^.66 

341 

2S)0 

3.41 

'     2.«) 

S7.M 

50.  Ifi 

'Raruirks. — Test  113:  T^ight-(fmy  cohvr;  strong,  ht^avy  <!^ike;  ash  and  eulpbiir  high. 
Test  115:  Light  gray  and  silvc^ry;  strong,  heavy  coke:  a^h  and  sulphur  reduced  by 
washing  f  compare  t^^st  113)i  but  still  high. 

Amdysis, 


Wsahing  teat  l«i. 

Coldng 

teit  im. 

C^klr^  tcuil  115. 

Rawdool. 

cool. 

Coal, 

Goto. 

Ccm. 

c«te. 

MotstUrp .,,,     ,             ,.,      ..,K, 

9.04 
IS.  72 

1%^ 

$.BS 

46.02 
1&29 
3.47 

1.01 
T.'i  fl7 
X4& 

12,29 
47.21 

ia% 

2.63 

u.% 

Volatile  mAltcrr 

5fi 

FLltd  C-BTlTflB,.               -      --    -      -    . -      ,- 

S2-78 

Ash 

laifl 

2.17 

15.07 

Sulphui', * . . ,,  *..,*,,. ..,«..,.,L, ,,--,,»,+ 

'*  10 

Oupola  te$t  o/cahe  rrmdefrom  Kajisas  A'o.  <?  roal  (ui<M^Mrrf). 

CHARGE. 


Cupola 
test 
No. 

Coke,  a 

Fluid- 
strip 
full. 

Divisions  of  charge. 

Test 
No. 

Specific   Ratio 

grav-  1  iron  to 

ity.     j  coke. 

Materials. 

^      1. 

Lbs. 
180 
540 

180 

2.             3. 

Total. 
4.             5. 

122 

115 

! 

1.90              7 

i 

Per  cL 
97.22 

[Coke 

Pig  iron 

[Scrap 

Lbs.        Lbs. 
63            63 
428           428 
143           143 

Lbs.       Lbs.      Lbs. 
62  1        62           430 
427         427       2. 250 
142         142           750 

i 

RECORD  OF  MELT. 


Cupola 
test 
No. 


Blast  pressure. 
On  at 


8.57  a.  m 


Maxi- 
mum. 


Iron 
run- 
ning 
in— 


Weight  of  iron 
Poured. 


Oz. 


Min.       Lbs. 
7       1,468 


Addi- 
tional 
melted 


Lbs. 
230 


Total. 


Lbs. 
1.698 


Melting. 

Reco 

vered. 

rime. 

Rate 

per 

hour. 

Ratio 
iron  to 
coke. 

Loss. 

Iron. 

Coke. 

Min. 
33 

Lbs. 
3.087 

5.70 

Per  ct. 
6.80 

Lbs. 
1,098 

Lbs. 
132 

LADLE  RECORD. 


Ladle  No. 

Poimds. 

Time 

(a.m.). 

9.16 
9.  KU 
9. 19i 
9.20 
9.  22 

9.  m 

9.  23' 
9.  23^ 
9.24 

Ladle  No. 

Pounds. 

Time 
(a.m.). 

1 

133 
111 
102 

83 
100 
98 

89 

ia3 

80 

10... 
11... 
12... 
13 

80 
99 
82 
61 
75 
71 
47 
M 

9.26 

2.... 
3 

9.27 
9.28 

4 

5.... 
6 

9.34 

11... 
15... 

9.35 
9.36 

7 

1()      . 

9. 36i 
9.37 

8 

17 

9 

o  Sulphur  in  ash,  0.02  per  cent. 
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KENTUCKY. 

KENTUCKY  NO.  2.a 

Coke  breeze  from  Earlington,  Hopkins  County,  on  the  Ijonisville 
and  Nashville  Railroad,  was  designated  Kentucky  No.  2  B.  A 
sample  shipped  iminspected  was  used  in  washing  test  143,  in  briquet- 
ting  test  102,  and  mixed  with  Illinois  No.  20  in  briquetting  tests  103 
and  104  (p.  88). 

WASHINO  TEST. 

Kentucky  No.  2  B  (coke  breeze). 

Test  14S. — ^Jig  used,  Stewart.  Ash:  Raw,  46.30  per  cent;  washed,  26.10  percent 
reduction,  44  per  cent. 

BBIQUETTINO  TEST. 

Kentucky  No.  2  B  (coke  ])reeze). 

Test  102. — Size  as  used:  Over  \  inch,  10.25  per  cent;  ^^  inch  to  }  inch,  31  per 
cent;  ^  inch  to  ^  inch,  18.75  per  cent;  :i^  inch  to  ^q  inch,  18.55  per  cent;  through  ^ 
inch,  21.45  per- cent.  Machine  used,  English;  temperature  of  briquets,  179.6°  F. 
Binder:  Kind,  c.  t.  p.  and  w.  g.  p.;  amount,  6  and  7  per  cent.  Weight  of  fuel 
briquetted,  50,000  pounds. 

Briquets  were  soft  when  hot,  but  on  cooling  were  hard  enough  to  handle  satisfacto- 
rily. Various  mixtures  made  no  apparent  difference.  All  briquets  showed  coarse 
structure  and  were  easily  fractured.  Attempted  boiler  tests  were  discontinued  owing 
to  difficulty  in  maintaining  steam.  Broken  briquets  burned  better  than  whole  ones. 
For  pitch  analyses  see  page  40  (Nos.  2729,  2735,  and  2748).  All  these  briquets  were 
sent  to  the  Big  Four  Railway  for  preliminary  locomotive  test.  The  results  were 
unsatisfactory. 

KENTUCKY   NO.  8. 

Bituminous  coal  from  bed  No.  1  B,  or  '^Bell-coar*  bed,  at  Sturges, 
Union  County,  on  the  Illinois  Central  Railroad,  was  designated 
Kentucky  No.  8.  The  coal,  as  worked  at  a  depth  of  .40  feet  at  this 
place,  averages  2  feet  8  inches  in  thickness. 

One  sample,  shipped  under  the  supervision  of  F.  B.  Tough,  con- 
sisted of  run-of-mine  coal,  and  was  used  in  steaming  tests  434  and  443 ; 
coking  tests  164  and  165;  and  cupola  tests  147,  155,  and  156. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  3678 
was  taken  100  feet  north  of  the  opening,  where  the  coal  measured  2 
feet  1\  inches  in  thickness.  Sample  3679  was  taken  60  feet  north  of 
the  opening,  where  the  coal  measured  2  feet  9}  inches  in  thickness. 

"For  results  of  earlier  tests  of  Kentucky  No.  2  coal,  see  Bull.  U.  S.  Geol.  Survey  No.  261,  1905,  pp. 
46, 81, 158;  and  Prot  Paper  U.  8.  Oeol.  Survey  No.  48, 1906,  pp.  91, 232, 649, 1348, 1444. 
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CH£]CICAI  AHALTSSB. 

Kealucky  No*  8. 


*  ¥tii]dta&t6  4uaaly^s  ot  tiiel  m  tlmd;  nltliCMte  finaljiji  of  dry  fUel  Itguied  trom  cur  «iaapk». 

STEAJCIN6  TESTS, 

Kentuckj'  No*  S. 


TMt43C  Test  443. 


51n]  AR  UBpd: 
Over  1  ihgIi 

1  Itich  to  1  itich... .>.....,. „„,..,..^,. ..,..-... --,*-,*,*... _dO- 

1  inch  lo  i  Inch.,,,,.,. — ,.. _ , -..,^ do,,- 

I'ntlcT  i  Uich. . ..  ..^.H,.,. * ,,.---., .-.» --.,*.,,-*..„do,,« 

Avorftgi*  dJi&mfiiUAr , , , ,  — ,.,,..,  ,lm4), 

Duttitittn  of  t^st-^-,, ^..L.^.^^^. .-. ^--.. --■---.... hours. 

UffltLng  value  ofco*].. -,„,.,,,„...B- 1*  tJ,  perp<niDd  dn'^oal, 

FoTTp  of  tJmft: 

Under  stiu;k  damper. , , *  * ». . ..,,,...._, inch  water. 

AhoVf5  Qrc-*^. -.-,.,,,,,,-, ...^-.... .-. ^-. do... 

Fiinmce  t<?mperfttilrp . ........... ,,,.,.,, , . . , "  F.  = 

DrycottJ  U9m1  pdr  $k|tmi^^  root  otgw^le  anrtaco  ptrhour.... ., ..{Kiundi.. 

Eciuivalent  waLcT  evaporated  pnr  siquar^  fool  ot  WHtot^^entli:^  Hurfoce  pur  hour, 
poundfi. 


31.4 

31.1 
0,  T7 

.05 


Pcrcenta^  of  raided  hor^po w^r  of  hoUor  devt^opod , . 

Wflt^r  appamntjy  Pii^iiporated  per  poaiid  o(t?o«J*sBn&d.. -.„,-,.,,.  ..,.potut4i, 

Walnrcvftporated  from  and  at  2112^  F.; 

Fi*r  pound  of  ctvil  aa  ftnMl.. * , ,,.,. _,^,.,_,^do-^- 

Vp-t  pound  of  drj"  ooaJ,..,. ..- ., .^do.. , 

Fi-r  pound  o(  comhugtiblp. .,..,. ,.*,„,,,.„ ,„ ,,,.do.»* 

BfAcieticv^  nf  1>oiler,  tncJuillng  ermle ^ . ,....- .per  eetA. 

Coal  *»  fl  ppd :  ^ 

FiTindleat^d  horsopowvr  hour., ., .,**.. ptMljidi. 

Fpr  tfJoctiicftl  hOTwpow^r  hour, .,..,.  —  .*„_,..,„_. .da, .  * 

Biy  co^: 

\^r  tndicdU^d  horsepowict  hour,  .,,,,,,„,,,, , . . ,,,.,, , ,do,, , 

Per**lwtrioai  horsepower  hour ,.....,».., ..do... 


7,SS 
S,  56 
10.12 

3.  It  I 


27.7 

30.6 
16,4 

O.SO 

!>  72 

H.044 

Q.n 

.14 
2,T7S 
20.  i2 

;*."! 

104  1 
7.44 

&rj 

9.24 
lO.aii 
G3.54 

3.24 
4.00 

3.06 
3.78 


COKING  TESTS. 

Kentiickv  No.  8. 


Test  164.    Test  165. 


Sir.o  Jis  shippo<i r.  o.  m. 

Size  as  used 

Duration  of  test hours. . 

Coal  charged pounds . . 

coke  produced {pertni.. 

Br««cproduc<Hl {^r"««:; 

Total  \ield do 


f.c. 

49 

12,450 

7.200 

57.83 

371 

2.98 

6a  81 


■.  o.  m. 

f.c. 

51 

12.840 

7,845 

61.10 

361 

2.81 

63.91 


TESTS — KENTUCKY. 
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Remarks. — ^Test  164:  Gray  color,  with  a  little  silvery  deposit  of  carbon;  breakage 
good,  regular-sized  pieces;  cell  structure  large.  Test  165:  Gray  color,  with  a  little 
silvery  deposit  of  carbon;  breakage  good,  large  pieces  of  r^ular  size;  cell  structure 
large.  Some  improvement  over  test  164;  yield  somewhat  higher,  with  increase  in 
ash  and  sulphur. 

Analyses. 


1          Test  164. 

Test  165. 

!     Coal.     1    Coke. 

Coal. 

Coke. 

Moisture 

4.97 

0.50 

.65 

87.96 

10.89 

5.49 

30.36 

55.49 

8.66 

1.27 

0.47 

Volatile  matter .  .  . 

30.87 

.50 

Fixed  carbon 

1        56.66 

86.10 

Ash 

7.50 

12.93 

Sulptiur 

!         1.23 

.93 

1.14 

Cupola  tests  of  coke  made  from  Kentucky  No.  8  coal. 

CHARGE. 


Coke. 


Cupola 
test 
No. 


155 
156 


Cupola 
test 
No. 


Test 
No. 

grav- 
ity. 

Ratio 
iron  to 
coke. 

Fluld- 
st'r?p  1   Materials. 

164 
164 
151 

1.90 
1.90 
1.90 

7 
6 
8 

Perct.  i 

^■^  feon::: 
^^  fe-i::: 

Blast  pressniv.     | 

— I  Iron 

!  nm- 

Maxi-  ning 

mum.  in— 


Onat- 


147 
155 
156 


3.30  p.  m . . 
3.40jp.m.. 
10.56  a.m. 


Oz. 
7 
7 

7 


Min. 
11 
8 
11 


Weight  of  iron. 


Divisions  of  charge. 


4.  5. 


Lbs. 

Lhs. 

200 

58 

800 

r».'>o 

210 

73 

840 

r^to 

200 

44 

800 

550 

i  Total. 


rp:coki)  of  melt. 


Lhs. 

58 

550 

73  I 
540  I 

44  1 
5.50  • 


Mi'lting. 


Lb8. 

Lhs.    1   1,6.9. 

57  1 

57  1        430 

550 

550  1    3,000 

72 

72          500 

.540 

5-10       3,000 

44  ; 

43  1        375 

550  1 

.•V50       3,000 

1 

1  Rj'covcnMl. 

I  A(idi- 
Ponn»<l.  tional 
I  mcltod. 


i  iHatJ^JiJioj 

rotal.l  Time.  I    per    |   '^^"   ' 


I  hour. 


I   LOMS. 


I  coko. 


Lhs.  I 
1,556  ; 
2,101  I 
2,124 


Lbs.    I  Lbs. 

403  1,959  I 

.361  I  2,462  I 

203  I  2,327 


mn. 

Lbs, 

31 

3,791 

38 

3,887 

32 

4,551 

\Percl.\  Lhs. 

5. 53  '     4. 70  '  900 

5.85       5.93  I  360 

7.94  I    5.80  499 


Lbs 


76 
79 

82 


SILICON.  MAN(JANEflE,  ETC. 

Amount 

used 
(pounds). 

Silicon. 

1 

Mang 

Per 
cent. 

ineso. 
Pounds. 

Per 
cent. 

Sulphur. 

Cupola 
test 
No. 

Materials. 

Pounds. 

1 

1 
I 

Content 

of  cokft 
com- 
bined 
with 
iron 

melted 
(per 

cent). 

Pig  iron 

2.12  !      41.53 

1.80  1      a5.26 
-15.12     -  6.27 

0.178 

.096 
-46.06 

3.487 

1.881 
-1.606 

0.59 

.067 
+.008 
.93 
.a59 

.079 

+  .020 

.93 

.059 

.083 

+  .024 

.93 

1    1.1558 

1.3125 
'+  .1567 
1    3.3666 

1.4526 
1 

,    1.9450 
1+  .4924 
1    3.9897 

1.3729 

1.9314 

!+  .5585 

2.7993 

147 

M<Sted  iron: 
Amount 

I           4.65 

Oain  or  loss. . 

Coke 

362 

fPigiron 

2. 12  1      52. 19 

1.72  1      42.35 
-18.85     -  9.84 

.178 
-30.90 

4.382 

3.028 
-1.354 

155 

Mdted  iron: 
Amount 

12.37 

Gain  or  loss. . 

Coke 

429 

Pig  iron 

2.12  1      49.33 
1.82  '      42.35 

.178 

.111 
-37.64 

4.i42 

2.583 
-1.559 

1 


156 

Mltediron: 

19.95 

Oain  or  loss. . 

-14.15  1-6.98 

Coke 

301 

... 

19698— Bull.  No.  332—08 
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LADLE  RECORD, 


Teat  1*7. 

Tut  im. 

Tea 

t  Ififi. 

Ladle 
No. 

Tut  147. 

TMt  lfi& 

Twt  156. 

Lttdlu 

No, 

1 

TinMS 

4 

Tim* 

a 

1 

Tlmo 

■ 

Tlm« 

f 

Time 

(p.m.). 

(p.  m.>. 

(a.  III,.). 

tp.  m.). 

(p.  ra.j. 

(ft.  raO. 

^ 

& 

^ 

^ 

Ml 

^ 

1..-,-. 

m 

a.4T 

©7 

3.H 

32 

ILJO 

14,.., 

H6 

40» 

IW 

412 

107 

1L2» 

a 

m 

147i 

07 

3..17 

04 

n.n 

15.... 

00 

4  0S| 

85 

414 

»i 

11.29 

8,...,. 

m 

3.4S 

30 

3.57i 

§2 

IL  ui 

1«.-.^ 

§4 

4  09 

HI 

4  141 

91 

11.294 

*,.„.. 

72 

3.S2 

»1 

lOO 

70 

IL18 

17.... 

S2 

4  11 

105 

415 

113 

11.30 

*....., 

n 

3.£2i 

U3 

401 

102 

11.181 

18„., 

44 

412 

70 

417 

HB 

11,32 

« 

B4 
07 
102 

m 
m 

M 

3.57 

loa 

86 
S7 

11^ 
% 
7S 

IGS 

i03 
4  03^ 
404 

407 
4  07  J 
4QS 

100 
70 
101 

im 

5ft 
104 

n.  ir 

11.22 
IL  22i 
1L3S 
11.  24 
IL344 

IS*.., 

76 
104 
66 

m 

SS 

4171 
4  IS 

423 

424 
435 

102 

S5 
100 
103 

75 

11.321 

7-...,. 

ao...- 

g. 

11...- 

li.:if} 

».,.-„ 

22-,. 

il;j6| 
11.^ 

io..<„ 

23.,., 

IL.... 

24.„. 

11.39 

la. 

94 

m 

4(H 

84 
7S 

411 
illi 

92 
77 

11.27 
JL27t 

25 

5S 
25 

:::;::, 

15-.., 

26,„. 

\ 

/?nnapi».— Testa  147,  155,  156:  Pi?  iron  uBPd  from  car  27633;  tempemtlire  <jf  iron, 
medium, 

KEKTrCKY  KO.  9. 

Bituminous  coal  from  betl  No.  9,  at  McHenry,  Oliio  Coutit}%  on  the 
lUiooi.s  Central  Railroafl,  was  liesignated  Kentucky  No.  9,  The  coal, 
as  niined  at  a  depth  of  50  feet  at.  tliis  place,  avera^js  4  feet  6  inches  in 
thickness. 

Two  samples  were  sliipped  under  the  supervision  of  K,  M,  Way,  as 
follows:  Kentucky  No.  9  A  consisted  of  nut  coal  through  a  l|-inch 
screen  and  over  a  jj-inch  iscrcen,  and  was  used  in  wa^shing  test  182, 
coking  test  I  Vu,  antl  cupola  tcsti^s  1 411,  1 1>2,  and  1  (I'i.  Kentucky  No,  9  B 
consisted  of  nm^jf-mine  coal,  and  was  used  in  steaming  test  462, 

Tw^o  mine  samples  were  taken  for  chemical  analysis.  Sample  3722 
was  taken  12(10  feet  north  of  the  shaft,  where  the  coal  measured  4  feet 
6  inches  in  thickness.  Sample  3723  was  taken  550  feet  north  of  the 
shafts  wile  re  the  coal  measured  4  feet  5  J  inches  in  thickness. 


Airnlrying  los# 

Proitimjitp: 

Moistiirv .,i 

VoUitilL'  tfiiitt«r_ 

Flx^d  carbon. .. 

Aah. ,...,, ...... 

Sulphiir^...^.-.. 
ITItinifltP: 

Hydrogen.  >,...i 

Cfirbon. 

Xltrogiin.-.----. 

Oxygpn......... 

A  ph. 


CHEMICAL   ANALYSES. 


Itlne  flfunpLtiii. 


3,30 
10,(3^ 

3(i.n*\ 

40.24 
7.ti7 
2.56  I 


3723 
2.60 


Car  Hiun' ;  Stea  ming 
pl«(A).     t«9l4e2.a 


I 


^5.70  I 
15.72 

s.eo 

2AB 


SulptauT . . . . .  _ /. . .  ^.^^* . ......  ^ ......  ^ .......... . 

Catorifir  val n p-  dctermiiUHl  ( ha  rtxeW^^ 3 _      {a* ifu^  ' ^ 


S.700 
12,07B 


0,826 

n,tr37 


3.^ 

8.70 
35,00 
47,  a4 
£.06 
X14 

5.&1 
65.69 

1.20 
15,46 


6,  no 
n,07s 


K.04 

49.28 
10.05 
2.fl'i 

7L12 
1.45 
^.44 

lO.ttS 
3,23 


a  Froxtraate  analysis  ^i  fu^l  nn  flfwi;  ulMTnatfl  ftnalyftts  of  drjr  fuel  figured  from  car  flampl^ 
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STEAMING  TEST. 

Kentucky  No.  9  B. 


Test  4<)2. 


Size  as  used: 

Over  1  inch per  cent . 

I  Inch  to  1  Inch do. . . 

I  inch  to  i  inch do. . . 

Under  J  inch do. . . 

Average  diameter inch. 

Duration  of  test hours. 

Heating  value  of  coal B.  t.  ii.  per  pound  dry  coal . 

Force  of  draft : 

Under  stack  damper inch  water. 

Above  fire do... 

Furnace  temperature «*F. 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  liour do. . . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. 

Water  evaporated  from  and  at  212^  F. : 

Per  pound  of  coal  as  fired do. . . 

Per  pound  of  dry  coal do . . . 

Per  pound  of  combustible do. . . 

Efficiencv  of  boiler,  including  grate per  cent. 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  coal : 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


32.3 
•26.4 
16.6 
24.7 
0.83 
10 
13,084 

0.70 

.19 

2,742 

21.48 

3.69 
103.5 

6.55 

7.92 
8.61 


3.57 
4.41 


3.28 
4.05 


WASHING  AND  COKING  TESTS. 

Kentucky  No.  9  A  (nut). 

Washing  test  18t. — Jig  used,  Stewart.  Raw  coal,  19,125  pounds;  Wiished  coal.  15,698 
pounds^  82  per  cent;  refuse^  3,427  pounds,  18  per  cent. 

Coking  test  167. — Size  as  used,  washed,  finely  crushed.  Duration  of  test,  51  hourH. 
Coal  charged,  12,190  pounds.  Coke  produced,  6,360  pounds,  52.17  per  cent.  Breeze 
produced,  309  pounds,  2.54  per  cent.  Total  yield,  54.71  per  cent.  Light  gray  and 
silvery;  fine-fingered  coke;  high  in  sulphur;  good  coke. 

Analyses. 


Wasning  test  182.  j    Coking  tost  167. 
Coal.         Coke. 


Raw     1  Washed 
coal,     j     coal. 


Moisture 

Volatile  matter., 
Fixed  carbon — 

Ash 

Sulphur 


I 


8.70 
35.00 
47.34 
8.96 
3.14 


9.09 


7.22 

2.61 


9.12 
35.42 
47.88 

7.58 


1.01 

.69 

86.46 

11.84 

1.96 


Cupola  tests  of  coke  made  from  Kentucky  No.  9  A  coal  {washed). 
CHARGE. 


Coke. 


Cupola. 

V?       Test 

No-    I     No. 


Specific 
grav- 
ity. 


149    167 

162  !   167 

163  !   167 


1.86 
1.86 
1.86 


Ratio, 
iron  to 
coke. 


Fluid- 
ity 

strip 
fiilL 


Per  ct. 
95.83 

94.44 

98.61 


Materials. 


Divisions  of  charge. 


Lbs. 
170 
680 
170 
680 
190 
760 


Total. 


Lbs. 

65 
580 

52 
580 

78 
560 


Lbs. 

Lbs. 

Lbs. 

Lbs. 

!    05 

65 

(i5 

430 

;    580 

580 

580 

:?,()(X) 

•^1 

51 

51 

:i7') 

580  1 

580 

580 

?>,  (XX) 

78 

77 

77 

5(X) 

!   560  j 

560 

560 

3,000 

r 
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Cupola  t^tjf  ofmlu  vwde  from  Kfnluck^  No.  9  A  coal  (u?fl«^iftf)— (^ontiiiued, 
REOOBD  OF  U£LT. 


Ctipok 

tPBt 

Bloat  p^umlr(^. 

tr<jn 
run- 
ning 
in— " 

Weight  of  iron. 

lidtlas. 

HeooTijred, 

On  at— 

Pciuml 

Addi- 

tiOQAl 

meLVsd. 

TotjU. 

Time. 

HflliolRfllio, 
per    .iron  to 

Loss. 

Iron. 

coifi. 

119 

m 

3,0Sp.  m,*.. 
3.35  p.  M_,, 

T 
T 

T 

9 
10 
10 

2,lfil 

35fi 

m 

2,510 
2,517 
a:  353 

12 

B.37»       6.fl6 
4,71H       7.70 

3,361  1  s.ai 

ao 

ft47 
2.  §7 

Mi. 
S3 

filUCOH.  MA^ffi^KEBE,  ETC 


MniATljiifl, 

Amount 

UMd 

(pauLndm. 

aniftoiL. 

M«QgUlU& 

Sutpbur. 

Cupolu 

oont 

Potuuu. 

Per 
cent. 

poutias. 

Vet 
cflnt. 

Pounda, 

CkJuteot 

of ookw 

eonr- 

blnod 

with  Iron 
mplted 

cent}« 

tMgirnn.  „,,.,.., 

4&0S 

-  7.38 

aiTg 

4468 

oofis 

■:& 

.118 
f  ,030 

Am 

ivioo 

+  .5030 
2.4fliI7 

ZW701 

+  Ami  1 
:i  iTi^i 

1«) 

MHtixlimnr 

AnifHJnt . 

t.m 

Gain  or  loeAi. 

■ 

^aaaft 

t.  i.m 

Cob? 

a»3 

..^.!^...^  "v:::. 

FIff  iron„,.,,  ,,„. 

U7(j 

4W3 

aiFJO 

im 

Meltedima: 

AtiniiJJlt,. .- 

"♦73 

^- "W 

UT3 

^tr.iii 

4a  71 

^   SL70 

^41.  m 

alias 

Mii 

M-ll-il  irrin: 

Atiiofiitl. ,,  .♦ . 

Gain  orlosfl... 
CokiS-.„. 

* 174 

L  57*1 

.  ir. 

&29 

1 

........ .I 

! 

LADLE  RECORD. 


Rtwarh.     T(>st   I1J):   Piir  iron  iisinl  frrmi  car  27(>;^:^.     Iron  hoi.     Tests  162  and  163: 
Pii:  iron  usod  from  rar  1:^1043.     Tcniporatnn^  of  iron,  modiiim. 
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MARYLAND. 

MARYIiAI^D  NO.  2, 

Bituminous  coal  from  the  Big  vein  or  Pittsburg  bed  at  Frostburg, 
Allegany  County,  on  the  Baltimore  and  Ohio  Railroad  was  desig- 
nated Maryland  No,  2.  The  coal,  as  worked  from  the  outcrop  at  tlus 
place,  averages  8  feet  10  inches  in  thickness. 

One  sample,  shipped  under  the  supervision  of  John  W.  Groves, 
consisted  of  run-of-mine  coal  and  was  used  in  steaming  tests  490,  403 
(on  briquets) ,  and  518  (on  briquets) ,  and  briquet  ting  tests  191, 192, 193, 
and   231t. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
4334  was  taken  6,600  feet  southwest  of  the  opening,  where  the  coal 
measured  9  feet  4  inches  in  thickness.  Sample  4335  was  taken  4,500 
feet  south  of  the  opening,  where  the  coal  measured  8  feet  3}  inches 
in  thickness. 

CHEMICAL  ANALYSES. 


Maryland  No.  2. 

Mine  samples. 

Steaming  tests.** 

490. 

493. 

518. 
4767 

490. 

493. 

.  518. 

Laboratory  No 

Air-drying  loss 

Moisture 

Volatile  matter . 
Fixed  carbon 

4334 
2.00 

2.54 
18.23 
73.09 

6.14 
.87 

4335 
1.80 

2.47 
18.17 
73.06 

C.30 
.79 

4415 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

4.44 
82.18 
1.48 
2.77 
8.35 
.78 

4.33 

81.52 

1.79 

3.44 

aoo 

.92 

4.01 

2.35 
16.97 
72.53 

8.15 
.70 

6.83 
19  71 
66.01 

7.45 

.80 

4.21 
20.71 
68.54 

6.54 
.94 

8:^.26 
1.04 
2.68 
6.  8;i 

Ash 

Sulphur 

.t»8 

Sulphur 

o  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 

BTEAMINO  TESTS. 
Maryland  No.  2. 


Size  as  used: 

Over  1  Inch percent.. 

4  inch  to  1  inch. do 

}  inch  to  i  inch do 

Under  J  inch do 

Average  diameter inch . . 

Duration  of  test hours . . 

Heating  value  of  fuel B.  t.  u.  per  pound  dry  fuol. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Dry  fuel  used  per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface 
per  hour poun<is . . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  fuel  as  fired pounds. . 

Water  evaporated  from  and  at  212°  F.: 

Per  pound  of  fuel  as  fired do 

Per  pound  of  dry  fuel do 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate per  cent . . 

Fuel  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electriciU  horsejwwer  hour do 

Dry  fuel: 

Per  indicated  horsepower  hour do 

Per  etoctiical  horsepower  hour do 


ist  490. 

Test  493. 

17.4 
20.8 
20.2 
41.6 
.00* 
9.6;j 
14,515 

Seep.166. 

10.00 
14,576 

0.83 

.22 

20. 12 

0.85 

.21 

21.13 

4.00 
113.9 
8.16 

4.32 
121. 2 

7.87 

9.87 
10.11 
11.24 
67.26 

9.52 
10.22 
11.35 
07.71 

2. 87 
3.54 

2.97 
3.67 

2.80 

2.77 

See  p.  160. 


5.42 
14,717 

0.29 

.16 

22.  81 

2.44 

(kS.  4 
8.45 

10.25 
10.70 
12.  23 
70.21 

2.  76 
3.41 

•i.CA 
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Hnnnrh, — Tm%  493  on  equal  woighte  of  briquet-a  fr<im  Umis  191,  192,  and  193:  lf*st 
51 S  (.III  briquets  (rom  tml  2^11 1;  gratj?  area.  nduct^U  Ui  20.3  eqiiaro  feet.  Sqimre  briqiiota 
weR*  firtid  whole,  burned  froely,  with  iutenso  heatt  and  n(.i  amoki\  Bed  more  uniform 
with  round  briquets  and  temyjoratiu'e  hight^r;  no  smokes  Square  biiquetB  mfljde  56 
perceut  dinker-  rtiund  briquets  made  47  per  t^ent  clinker, 

BBiatmXTIKt}  T£ST3. 

Maryland  No.  2  (run  of  mine). 

Tests  191,  Wtj  193,  iSl-f. — Size  a*  used-  Over  i  inch,  2.2  per  cent; t*^  inch  to  i  inch, 
9»8  per  cent;  ^V  io^^  t"*  t^  inch,  2*1  per  cent;  |^  inch  U}  is  inch,  28.2  per  cent;  through 
^  inch,  33.S  per  cent.  Various  proportions  of  binder  {&,  fi,  and  7  p€?r  cent)  made 
equally  good  briquets  on  Englii^h  machin^^^.  Briquet  surfaces  were  ^smooth*  firm,  with 
cbaTacteristic  glossy  fracture,  and  ehacp  edges.  Renfmw^  briquctJ  were  satisfactory, 
but  owing  Xti  faulty  operation  in  heater  be^st  reault^s  were  not  obtained.  Excellent 
briqticts  can  be  made  frt)m  this  ccml  with  5  per  cent  t*f  binder.  For  analyses  of  bri- 
quotfl  see  page  165  (briquets  from  tt^^t  191 »  192»  and  193  under  "'Steaming  test  493/- 
lti>m  test  231t  under  *^  Sttmming  test  ol8  "  ). 


Tent  191.    T««ttn. 


T«atl^ 


Teat  231t> 


DetnHs  df  maDiitactuni: 

If^cMnti  uflod., ^...^.__.,^._.*..,_^. _ T,..'  Eae. 

TemmrAttif^otbriquetiL,..^,^.... .....,...,...,'F..  Lil 

Blncfcr— 

Kind ,...,...^ -..-,*♦. w.g.p. 

LtttmmlOTj  Ko.  («wi>v*W*....._.__.i.i, ..„,....  45« 

Amount por  cent. .  5 

Wf  ieht  of— 

Fiwl  hriqy*ttiHl.....__... ,-... ^..poiintl*..  4,000 

Hrimi*'t»T  AVi^mgi*. .  ^  -.-......  ^ .  - .. , . .^ .  .<!«  - . .  *^  ^ 

Ilf'At  valuo  p»?r  uouiicl— 

FitiliiS  rw,'<aved...... .., „.B.  t.  u..  HJ02 

Fmlnsflred ........_..._. ....__. ...do....  13,581 

Riniltr , „, ,._„ do.---  Ifi.WJS 

Drnp  Tost  n-lnch  iciTcnU 

1  [fid.  ..-..,_„,,„„..,,, ,,..,.„.,  —P**'  WTil, ,  75.  B 

Passi'd...........^.... ...._.... ._. ....  .do....  21, 1 

IWd . ,.do,...  74.0 

FaahlmJ  (fttw^s) .__ ..do.„.;  3ft.a 

Fines  ibrougti  It^-meati  sIbfi?-.... ... ....^.do^...  ifi,6  | 

Wejithffitig  t4>at:  ( 

Time txpo»d.-.^ ..^^ ,_-., ..dAyw..  S  i 

Condltiou....  „,..... .., .,., . ,,  A, 

W&te*r  absorptlap: 

la  19  days .-,......,.... ,p»r  cent . .  11. « 

Ave^mig^  for  fiir^i  I dny*, ...,., _*.^..,,^....,. ,,....,,, do....  1,.4& 

SpeeifU?  trmvity  UpfmrenVf ,..„..., .,,„,.,„,.„..'  l-llS 


■r.ff,j 


4,DQ0  ! 

Tit.  3 
30.  7 

78.2  1 

77,  S 


7 

4,000 
3.47 

13, Ml 
17,5 

ao.2 

19.1 


i5.« '       la  & 

1  S5  1.30 

l.OTfl  1.143 


Renf. 
131 

17,000 
0.453 

llj^ 

i4,ofie 
le.SiH 

24.0 
7flL0 

«6l5 
3A.5 


U4 
1.071 


/!?.r/  r(i(7 <'r) /I  a  ti a lysfs . 


l^lH->rator>-  No 

.Mr^lrxine' loss iht  cent . 

ExtracttHl  bv  CSj: 

Air-ilritHl do. . . 

As  rootMvtxl do . 

Pitch  in  briquet  s  as  nxvivtni .  »lo  . . 


Fuol. 


l.Sl)  i 


Briquets. 


Tests 

im.  192, 

193. 


Test 
2Ut. 


4415 

not)  1 

47ti7 
3.40 

5.77 
5.42 
5. 25  1 

7.88 
7.61 
7.69 

TESTS — MISSOURI. 
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MISSOURI. 


MISSOUUI  NO.  5. 


Bituminous  coal  from  Higbee,  Randolph  County,  on  the  Chicago 
and  Alton  Railroad,  was  designated  Missouri  No.  5.  The  coal,  as 
worked  at  a  depth  of  170  feet  at  this  place,  averages  3  feet  10  inches 
in  thickness. 

This  sample,  shipped  under  the  supervision  of  John  W.  Groves, 
consisted  of  run-of-mine  coal  and  was  used  in  steaming  tests  319  and 
320,  washing  test  149,  coking  test  116  (washed  coal),  and  cupola  test 
123. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2795 
was  cut  3,400  feet  northwest  of  the  shaft,  where  the  coal  measured  3 
feet  10  inches  in  thickness.  Sample  2796  was  cut  5,000  north  of  the 
shaft,  where  the  coal  measured  3  feet  10  inches  in  thickness. 

CHEMICAL  ANALYSES. 

Missouri  No.  5. 


Mine  samples. 

Car 
sample. 

Steaming  tests.o 

319. 

320. 

Laboratory  No 

2795 
10.80 

13.38 
34.17 
42.43 
10.02 
4.48 

2796 
11.50 

13.89 
33.36 
41.23 
11.52 
4.19 

2865 
11.40 

12.92 
33.64 
39.82 
13.62 
5.03 

5.43 

57.16 

.90 

17.86 

Air-drying  loss                                      

Proximate: 

Moisture 

13.37 
31.46 
39.78 
15.39 
5.35 

4.43 
63.53 

1.01 

7.90 
17.76 

6.18 

12.24 

VnlAtJiA  mfttt«r 

31.55 

Fixed  carbon 

40.10 

Ash                  

16.  11 

Sulphur 

5.33 

Ultimate: 

Hydrosen 

4.40 

Carbon 



63.13 

Nitrogen 

1.00 

Oxyeen 

7.04 

Asfi    ..:: ::... 

18.36 

Sulphur 

6.07 

Calorific  yalue  (as  reoeiyed) : 

Determined 

/calories. . 

•iB.t.  u... 

(calories  . 

6,158 
11,084 

5,860 
10,548 

5,834 
10,501 

Calculated  from  ultimate  analysis. . 

•  IB.  t.u. 

o  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
STEAMING  TESTS. 
Missouri  No.  5  (run  of  mine). 


Size  as  used: 

Over  1  inch per  cent. 

i  inch  to  1  Inch do... 

I  inch  to  J  inch do. . . 

Under  ^inch do... 

Duration  of  teat hours . 

Heating  yalue  of  coal B.  t.  u.  per  pound  dry  coal. 

Force  ot  draft: 

Under  sttick  damper inch  water. 

A  bove  ftre do... 

Fumaoe  temperature °F. 

Dry  coal  usea  per  square  foot  of  grate  surface  per  hour .pounds. 

Equiyalent  water  evaporated  per  square  foot  of  water-heating  surface  per 
hour pounda. 


Test  319.    Tost  320. 


23.5 

20.1 

22.9 

21.0 

19.3 

18.8 

34.3 

40.1 

9.63 

8.35 

1,747 

ll,0(i8 

0.61 

0.73 

.22 

.34 

2,368  I 
18.64 


•i.l^ 


22. 24 
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STEAMING  TE  STS^C'on  tiuued . 
iliieouri  Nu.  »  (ruji  of  mine). 


t3]0. 


TMt  aaa 


Parwtitaep  of  vAtM  horwfjower  of  boiler  dowlop&d , . ,„ 

W&ier  apparent  J  V  ovjtpomieU  par  pound  of  ronJ  as  UrfMl..^, 

Wftier  evaparatiMl  from  and  at  212* F: 

Per  pound  of  L^oaJ!  J4*<  attMl ,.,..,._.*.„, .._,_^. ,,„.,^....do.*. 

Pit  pouTid  nf  dry  uottJ^, .**,*,..., -,, ,,..,,^.,,.„,., do,., 

ppr  pound  ul  combustible ,  „ . ., . . , .do.  - . 

Efilciency  of  boiler,  LncludlTi§t  grtii» --,..,. „ . .  ,^ , ,  .> , ,  „ per  otnt. 

Cool  09  ntpA: 

Per  imbcwtetl  hOf«^power  hour, .„* * .  .pousodi, 

F*ir  dectrlual  horsi'pown-  honr*^  .^^^.^ ^.^-...-^..^......^^idd-,, 

DrycoaJ: 

"  P«r  indicated  horwupowpr  hour*,.,-^- .>,.., ^,.*,^..,..,,^,^.^.,.»«,.p..dO,T. 

per  electrlciU  tiorsfti^wer  hmir ,  ,* ^, ,..,., ^.,.„-,_*^.. .  ^„*i . ,  .do. . , 


sr.i 

&^ 

3s  77 
44e 


fli7 

5.34 
4ii 


WASHING  AND  COKING  TESTS. 
Misfiouri  No,  6  (run  of  mine)- 

Woihing  tmt  149. — Size  as  used,  crushed  to  2-incli.  Jig  used,  Stewart.  Baw  coal| 
15,3(*<^  [jounda;  wa^^lied  cc>el,  12,900  pounds^  refusej  2,400  pounds. 

Cakiiig  Lett  JIG. — Si/Xf  tts  used,  wiieh^d,  Jlnelj'  cru£?bi^.  Duiutbu  of  test,  33  hours. 
Coal  charged ,  10>000  poundfl.  Cokii  produci.df  4,903  ptiunda;  49.03  pt^r  font.  Breeste 
prodmrcKt  200  poundi^;  2.09  por  conl.  Total  -yicddt  52.02  per  c^^nt.  Light  gray  and 
atlvory.  WsLabing  dcH?a  not  eullieioDtly  rc*duce  ash  and  sulphur;  too  high  in  eulphur 
for  uif  taUu^ical  pitrposee. 


Moisture , 

Volatile  matter. 
Fixed  carbon. . . 

Ash 

Sulphur 


Washing  test  149. 

Coking  test  116. 

Raw  coal. 

Washed 
coal. 

Coal. 

Coke. 

12. 92 
'        33.04 

13.93 

13.68 
34.82 
42.26 
9.24 
3.60 

1.12 
.73 

1        39.82 

82  64 

1        13.  C2 
5.03 

9.08 
3.02 

15.51 
3.40 

Cupola  test  of  coke  made  from  Missouri  No.  5  coal  {washed). 
CHARGE. 


Cupola 
test 
No. 


Coke. 


Test 
No. 


Specific 
grav- 
ity. 


Ratio 
iron  to 
coke. 


Fluid- 
ity 
strip 
full. 


Materials. 


PtT  ct. 

jCoko 

92.30   flMgiron. 
Scrap. . . 


Lbs. 
UK) 


Blast  pn^ssun*. 


HECORl)  OF  MELT. 
Weight  of  iron. 


Cupola 
test  I 
No.  On  at- 


1  ron 
run- 


Divisions  of  charge. 


Lbs 


60 
420 
1-10 


3. 

4. 

5. 

Lbs. 

Lbs. 

Lbs. 

00 

60 

60 

420 

420 

4-20 

140 

140 

140 

Total 


Lbs. 

430 
2,250 

750 


Melting. 


Recovered. 


i^f,n;      in"^'     ''«^"""l     tVonal  Total.   Time,  ^per'    ^^^'^ 
'"^'1^*^^-  ^^«"r-    coke. 


123  I       3.16  p.  m. 


Mill.        Lbs. 
5       1,964 


Lbs.        Lbs. 
423     2,387 


Min.      Lbs. 
34     4,212 


6.25 


! 
Loss.    Iron.   Coke. 


Per  ct. 
9.06 


Lbs.  I  Lbs. 
341  48 


TESTS — MISSOUBI. 
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Cupola  test  of  coke  made  from  Missouri  No.  5  coal  {washed) — Continued. 
LADLE  RECORD. 


Test  123. 

Ladle  No. 

Test  123. 

Ladle  No. 

Pounds. 

Time 
(p.m.). 

Pounds. 

Timo 
(p.m.). 

1 

86 
81 
54 
53 
92 
62 
66 
69 
51 
63 
60 
79 
91 
62 

3.29 

3.33 

3.34 

3.37 

3.37J 

3.38 

3.39 

3.40 

3.41 

3.42 

3.43 

3.43i 

3.44 

3.45 

3.45i 

16 

58 
70 
94 
59 
45 
90 
70 
56 
90 
45 
69 
92 
52 
39 

3.46 

2 

17. 

3.  4(ii 
3.47 

3 

18 

4 '. 

19 

20 

3.  48 

5 

3.48i 
3.  49 

6 '.'.  ...   . 

21. 

7 

22 

3  50 

8 .,.   . 

23 

3.51 

9 

24 

3.52 

10 

25 

3.52i 
3.53 

11 

26 

12         .       .       . 

27 

3.54 

13 

28 

3.54i 
3.55 

14 

29 

15 

Rem^jorhs. — Test  123:  temperature  of  iron,  medium. 
MISSOURI    NO.   6. 

Bituminous  coal  from  a  mine  1  mile  east  of  Huntsville,  Randolph 
County,  on  the  Wabash  Railroad,  was  designated  Missouri  No.  6. 
The  coal,  as  worked  at  a  depth  of  77  feet  at  this  place,  averages  3  feet 
8  inches  in  thickness.  This  sample,  shipped  under  the  supervision 
of  John  W.  Groves,  consisted  of  lump  coal  over  a  6-inch  bar  screen, 
and  was  used  in  making  steaming  tests  326  and  327.  Tliis  sample 
was  also  allotted  to  be  used  in  washing  test  155,  but  the  coal  was 
burned  in  the  fire  at  the  plant. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2817 
was  cut  900  feet  north  of  the  shaft,  where  the  coal  measured  4  feet  in 
thickness.  Sample  2818  was  cut  4,000  feet  southwest  of  the  shaft, 
where  the  coal  measured  3  feet  6  inches  in  thickness. 


CHEMICAL   ANALYSES. 

Missouri  No.  6. 


Lfkboratory  number. 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter. . 

Fixed  carbon 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Ash. 


Mine  sampios. 


2817 
11.80 

14.01 
33.49 
42.21 
10.29 
5.23 


2818 
8.60 

11.38 
37.10 
43.07 
8.45 
3.57 


Car  sam- 
ple. 


2904 
11.00 

13.80 
34.29 
40.17 
11.74 
5.00 

5.48 

58.09 

.96 

18.13 


Sulphur 

Calorific  value  (as  received) : 

Determined {^^.'i^:: 

Calculated  Irom  ultimate  analysis . .  .{^^'J|®®' ; 


6,128 

11,030 ; 


I 


5,998 
10,796 

5,926 
10,667 


Steaming  tests,  a 
326.  327. 


13.73 
32.82 
39.96 
13.49 
6.05 

4.44 
65.24 

1.08 

0.59 
15.04 

7.01 


_\_ 


IL'.  93 
34.  21 
41.  (k3 
11.23 
.x3I 

4.  r>o 
(•8.  3.*5 

1.13 

0.  89 
12.  90 

0.  10 


•  Pnataiftte  aiuUiyais  oflueil  aa  ftnd;  ultimate  analysis  o!  dry  tuel  &guxed  Itom  c&i  ^dLm^\^. 
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STEAHINO    TESTS. 
Miostouri  Nr>.  G  (lump). 


.  Twixaft. 


0TBr2  liiciii?s.^,.,. --■-.. -,■-■■. ....,,^,,,.,,,,,, ,.,,,,,. ,.,,..pcroefiit. - 

2  luches  to  14  itwiifls. , „,*..,,., ,_..... .—*.... .  —  .v— ...  —  .. . .do. , , , 

Over  I  LDGh.. ..,.,.._..„..^.^.. .^^....■^<.^>,.^^,^.^^. ^.do 

I  Inch  tcj  1|_  Lni^hi^- , ,.,„„,„.,,., ,„,,„...,. ., . , , „do 

I  Incii  to  1  inch ■...^, ^.. ,,^,.^,.^.,,, ,,..d0..-- 
^  Ijieh  to  1  liieh .*.,*.-„. * — .i, ,,,. .....do.„, 

UDder  i  Ineh ..^.,*-,-,_*,-..._i.^--i»i._.^^^-...*.^^.^^.^. do^... 

Dumtimj  <if  tPst ,^.i-i^vi-j.i.i-*,„..-t_v^-. , ..... ....  .,lioui^.. 

Heatloff  value  of  coal..... .^ . ,........p,.li.t.il.  perpolm<l  dcy  co«i.. 

Foioe  of  (Jmft^ 

UDder  Atock  diunpHr. . . . ..... .......  ^ ......_._.. Ineh  water. . 

Abtivti  OrH , , , . , , .do. . . , 

Fanuic?  tcinwratur?. .,,.,_,.  h ^ , . , * . ^  ,.*..,  ^  _._,_. . .  *F. . 

Dry  coal  used  insr  s^jimrt]  font  of  gmte  eurl^^i^  per  hour. .................  pounds. , 

Equtvalcat  wat^ r  evaporated  per  square  loot  of  watcHifiaUtig  gojbiee  ptir  hour, 
pf>usdji -. .- ...... 

PDrc4at«ge  of  r&ted  horsepower  ol  boiler  developod. ^....p. ,...,«-», .*<*,.... 

Water  appareatly  wapon^tcd  per  poilad  of  coal  as  fLted ,..pmiiuls. . 

W&tBT  flvapomtea  from  and  at  312  ^F.: 

Impound  of  ooal  as  flrpd *..^-..do.... 

Ter  pound  ol  dry  cool  .....».......>....,,,„......>».»...,,,,.......». .  .dio,  * , » 

Per  pound  of  combustiitln , , . .  .do. . . . 

EOlcieiM^  of  boiler.  liicludLng grate ...._.. .^._ ..^ ,.. ^. . ..^ . .^ . . . per  cent. . 

Coal  n»  aredi 

Per  indicated  horeepoipper  hour,  ,..,„., ..,.„,,. .,. .pounds. . 

Per  elect licaJ  hor»ppowf!rhoor.  ....*........, do.... 

-Jry  coal: 

Per  indicated  horaepowier  hour..._.^..... * ....*.„ ...p. do.... 

Per  dectrkal  horsepower  hour.,,,.,., ...,.,.,,,...,,,,  „,...„,,_do.... 


3e^A 


Te«t3Z7. 


33.3 

16.  a 
:^« 

13,  i« 

2.476 
2LS3 

3.47  , 

fif7.4 

5.71 

ag8 
7.08 
g.64 

411 

Lm 

3,54 
4.^8 


^7 

37.4 


I&3 


13.0 

iQioa 

ia,(F#7 

a7S 

3,561 
23.06 

3.(36 
ICEi.7 
5.75 

4193 

7.  as 

00.04 

4.  US 
5.04 

4.  ay 


MISSOURI    NO.   7. 

Bituminous  coal  from  a  mine  one-half  mile  northwest  of  Novinger, 
Adair  County,  on  the  Quincy,  Omaha  and  Kansas  City  Railroad, 
was  designated  Missouri  No.  7.  The  coal,  as  worked  at  a  depth  of 
88  feet  at  this  place,  averages  3  feet  in  thickness.  This  sample, 
shipped  under  the  supervision  of  W.  J.  Von  Borries,  consisted  of  two 
lots  of  coal — No.  1  nut,  designated  Missouri  7  A,  used  in  steaming 
tests  329  and  330  and  washing  test  152,  and  No.  2  nut,  designated 
Missouri  No.  7  B,  used  in  steaming  test  332  and  washing  test  153. 
This  sample  was  also  allotted  to  be  used  in  washing  test  154,  but  the 
coal  was  burned  in  the  fire  at  the  plant. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2823 
was  cut  1,700  feet  northeast  of  the  shaft,  where  the  coal  measured 
3  feet  3  inches  in  thickness.  wSaniple  2824  was  cut  1,750  feet  south 
of  the  shaft,  where  the  coal  measured  3  feet  in  thickness. 
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CHEMICAL   ANALYSES. 
Missouri  No.  7. 


Mine  samples. 


2823 
14.60 


Laboratory  number 

Air-drying  loss 

Proximate: 

Moisture 

VolatUe  matter !    34  05 

Fixed  carbon 39. 48 

Ash , 9.28 

Sulphur....} !      2.76 

Ultimate: 

Hydrogen 

Carbon 

Nitrc^n 


Car  samples. 


Steaming  tests.a 


No. 

nut. 


iSf."- 


Ai 

Sulphur 
CaloriOb  value  (as  received) : 

/calories 


Determined. 


\B.  t.  U-. 


Calculated  from  ulti-tealories 
mate  analysis \B.  t.  u. 


aPioximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 

STEAMING   TESTS. 

Missouri  No.  7  (washed  nut). 


A. 


Test  329.  \  Test  330.    Test  332. 


Sire  as  shipped 

Size  as  used: 

Over  1  inch per  cent. . 

I  inch  to  1  inch do 

I  inch  to  i  inch do 

Under  i  inch do 

Duration  of  test. , hours. . 

Heating  value  of  coal B.  t.  u.  per  pound  dry  coal.. 

Force  of  draft: 

Under  stack  dAmper inch  water. . 

Above  fire do 

In  ash  pit  (forced  draft) do 

Furnace  temperature. °F. . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface 
per  hour pounds . . 

Percentage  of  rated  hol'sepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coalas  fired pounds. . 

Water  evaporated  from  and  at  212  °F.: 

Per  pound  of  co^  as  fired do  — 

Per  pound  of  dry  coal do  — 

Per  pound  of  combustible do  — 

EflSciencv  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  cdectrlcal  horsepower  hour do. . . . 

Dry  coal: 

Per  indicated  horsepower  hour do — 

Per  electiical  horsepower  hour do — 


No.  1 

47.0 
21.6 
14.9  j 
16.5  I 
9.78  I 
12,659 

o.eo  ' 

.14 


3.51 
98.4 
5..'>3 

6.64 
8.03 
9.32 
61. 26 

4.26 
5.26 

3.52 
4.35 


No.  1 

46.3  , 
23.2 
15.0 
15.5  I 
5.73 
12,643  I 

0.71  ; 
.13 


25.92 

4.10 
115.0 
5.42 

6.52 

7.92 

9.29 

60.  49 

4.34 
5.36  I 

3.57 
4.41 


No.  2 

21.4 
43.6 
21.4 
13.6 
9.75 
12,469 

0.71 


.02 
2,(i86 
32. 03 

4.  02 
«129.4 

4.93 

5.  94 
7.22 
8.36 

.Vi.  92 

4.  76 

r..88 

3.92 
4.84 


a  Test  made  for  maximum  capacity. 


172  "  MPOBT  trrs.  rtTEL-TiSTiiro  wuanTp  iwfl-?, 

WAgHms   TESTS. 


TertlSS 

Tertlsa 

Smae  used .^^i..^. 

35,000 

No.ia 

JlfTUHtl-    --<- ---- 

StBw&rL 

Raw  ixmL ...—,, 

................  4. DOiandfl.. 

2^,sm 

Wojihedpoftl,,. --.,-,. 

:,.,-.....,.,<,.:;,fr.ito:... 

>JS8 

HefiuQ, -„,*,_ 

. dfi   .. 

j4Tijff2j/*«ji, — Test  152 :  For  raw  coal  anftly»c»  see  pagp  171 1  gatuplu  293fi  l  Wiiahff)  txMil : 
MoisitLiret  17.30;  aah,  J* .45;  sulpliur,  :^.04.  Tusi  153:  I'^or  raw  t'(«U  ari£ily^t**i  t**^f*  jiagfj 
171  (flample  2937).     Washed  eoal:  MoiBturf-,  19  JO;  iii*U.  11.05;  stilphur,  3.1>7< 

inS80UHI  NO.  10, 

Bituminous  coal  from  the  Bevier  bed,  at  Bevier,  Macon  County, 
on  the  Chicago^  Burlington  and  Quincy  Railroad,  was  designated 
Missouri  No.  10.  The  coal,  as  worked  at  a  depth  of  124  feet  at 
this  place  ^  averages  4  feet  7  inches  in  thickness. 

One  *?tftmple,  shipped  under  the  direction  of  K.  M.  Way,  consi9t^?d 
^*^  screenings  (through  a  J-inch  shaking  screen)  and  was  iLsetl  in 
steaming  test  486  (on  briquets)  and  briquetting  tests  178f,  179, 
241*,  245*.  and  246*. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
4196  was  taken  400  feet  south  of  the  shaft,  where  the  coal  measured 
4  feet  3  inches  in  thickness.  Sample  4197  was  taken  2,500  feet  west 
of  shaft,  where  the  coal  measured  5  fe^t  in  thickness. 

CHEMICAL  ANALYSES. 

Missouri  No.  10. 


Mine  samples. 


Laboratory  No 41% 

Air-drying  loss 8.  .W 

Proximate: 

Moisture 1').  26 

V'olatile  matter 33.  91 

Fixed  carbon 42. 13 

Ash 8.70 

Sulphur 4  M 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen • 

Oxygen 

Ash 

Sulphur 

Calorific  value  determined /calories 

(as  rccoivcd) J[R.  t.  u 


4197 

8.8<) 

15.41 
32.  76 
40.  22 
11.61 

3.  78 


'.,879 
10, -.82 


Car  Steam- 
sani-  ing  test 
pie.     I   486.0 


42,'i7 
13. 70 

15.23 
26.  32 
37.  95 
20.  .-^) 
3.  69 

5.02 

49.  11 

.84 

2tJ.  54 


5.055 
9,(X>9 


4362 
1.30 

4. 51 
35.53 
41.37 

18.  .59 
3.  W 

4.34 

64.  29 

.91 

6.91 

19.  47 
4.08 


Briquetting  tests.6 


178t.c      241*. 


4515 
9.40 

11.03 
32.24 
38.67 
18.06 
3.  72 


4898 


8.91 
31.  81 
38.17 
21.11 

4.  49 

4  16 

(iO.  16 

.84 

6.  73 
23.  18 

4.  9,3 


245*. 


4876 


7.79 
31.46  I 
39.87 

20.  88 
4.66 

4.  12 
60.  e<\ 

.84 
6.71 
22.6,5 

5.  0,5 


7.75 
.32.48 
40.95 

18.82 
4.  .53 

4.  24 

62.  77 

.91 

6.76 
20.41 

4.  91 


_ L^ 

'I  Proximate  analysis  of  fuel  as  fired:  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
''  I'ro.ximate  analysis  of  fiu'l  as  received;  ultimate  analysis  on  drv  basis. 
c  No  ultimate  analysis  made. 


TESTS — MISSOUBI. 

STEAMINO  TEST. 

Missouri  No.  10  (briquets). 
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Teflt  486. 


Duration  of  test hours. 

Heating  value  of  fuel B.  t.  u.  per  pound  dry  fuel. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do... 

Dry  fuel  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour do 

Percentage  of  rated  horsepower  of  noiler  developed 

Water  apparently  evaporated  per  pound  of  fuel  as  fired pounds. 

Water  evaporated  from  and  at  212^  F. : 

Per  pound  of  fuel  as  fired do 

Per  pound  of  dry  fuel do. . . 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate per  cent. 

Fuel  as  fired:. 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  fuel: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


9.63 
11,6'>3 

0.79 
.15 
24.  r)9 
3.28 
92.0 
5. 2r) 

6.36 
6.  m 
8.41 
Tm.  19 

4.  4.'-) 
.-).  49 

4.2ri 
;'..  24 


Remarks. — Test  made  on  l)riquets  from  tests  ITS-f  and  179.  These  burned  frc^ely, 
although  the  rate  of  combustion  decreased  as  ash  formed  on  the  surface,  particulnrly 
on  the  English  briquets,  where  the  ixsh  could  not  b<>  separated  from  the  briquets;  2.4 
per  cent  black  smoke;  ash  heavy,  gray,  and  line;  nr)  clinker. 

BBIQUETTING  TESTS. 
Missouri  No.  10  (slack). 


TeMs  77^t'  ^7''^»  Ul*,i'4S*.Mfi*.  -^hi'  as  used:  Over  i  inch,  3.0  per  cent:  j\,  huh 
to  \  inch,  10.2  per  cent;  .^^  ineh  to  /o-  ineh,  17.2  per  (tent;  ^q  inch  to  ^'^  inch,  21.2 
per  cent;  through  ^  inch,  48.4  per  cent.  Equally  satisfactory  briquets  were  niacb^ 
with  7  and  8  per  cent  binder  on  English  machine^  and  8  and  9  per  cent  on  Renfrow 
machine.  The  large  amount  of 'clay  present  made  bricjuet+i  soft  when  warm,  but  very 
hard  when  cold,  when  fuel  was  worked  with  high  moisture  content.  Tests  178i-  and 
179  were  made  on  coal  from  the  same  car  and  under  greater  pressure  than  in  other 
tests.  These  briquets  were  harder,  more  cohesive,  and  made  less  slack  in  handling. 
All  the  briquetfl  had  rough  surfaces  and  broke  witli  ragged  fractures  Th<'y  were  of  a 
dull  gray  color,  owing  to  the  amount  of  clay  prescmt.  For  analyses  of  ))riquet8  see 
page  172  (those  from  test  179  under  "Steaming  test  486  "). 


Test  178t.  Test  179.  Test  241*.  Tost  246*.  Test  246* 


Details  of  xnanufacttire:  , 

Machine  used I 

Temperature  of  briquets "  F . . 

Binder—  | 

Kind ' 

Labors"  Ty  No.  (see  p.  40) 

Amount ppr  cont . .  I 

Wei^tof  - 

Fuel  bifqnet  ted pounds..] 

Briquets,  average «lo —  I 

Heat  value  per  pound—  i 

Fuel  as  received B.  t.  u..' 

Fuel  as  fired do 

Binder do — | 

Drop  test  (1-indi  scsreen) : 

Held percent.. 

Passed do 

Tumbler  test  (1-inch  screen) : 

Held do.... 

Passed  (fixies) do.... 

Fines  tbroqgn  UMnedi  deve do.... 


Renf. 

176  I 

w.  g.  p. 
4543 

8 

42,000 
0.  476  . 

0,000 

"it's  969*  i 

80  5 ; 

10  5  ' 

94.0  I 

6.0 

99.0  I 


Eng.  ' 
185 

w.g.p. 
4543  ; 


5,000  , 
4  4.3  ' 

9,090 

n,i2s  ' 

16,969 

f)3.3  ' 

3(^.7 

90.9  ' 
9.1  I 
80.9  I 


Renf.  !       Renf. 

149  I  149 


w.g. 


48fii  i        *  48/9 

9  I  8.5 


(i6,0(X)  I 
0.481  I 

9,081 
10,082  i 
16,8<V4 

73.0  ' 
27.0  ' 

91.5  i 
8.5  ! 
95.0  i 


176,000 
0.523 

9,081  I 
10,262  I 

16,805 ; 

58.0 
42.0 

87.0 
13.0 


Kng. 
149 

%'.  g.  p. 
4M79 

8 

10,000 

!i.  91 

9, OKI 
10,  .'•.SO 
16,><05 

64.4 
35. 6 

64.2 
35.8 


flEPUBT  V*  S,   FUEL'TESTING  PLAI^X,  ISOfi-l, 

BEIOTETTDJ^  TESTS—Continued 
Miiaouri  No.  10  (slack). 


Teitim* 

Tm%m. 

T*sit2ll*. 

Ttt»t3*&*, 

T«.t3Mi'.^ 

TVeatlwfringl#»t: 

Tiino  nxpoded. ,^. 

<iay«. 

19 
14  fi 

19 

a 
7.a 

Condition ,.„..,...,. 

Water  Absorption: 

iDlftdAjs... 

In  13  dAy».  ,...„. 

^7.do...- 

1.M 

13.1 

6.fi 

sCayi... ^- 

adayi. ...„,„, ,.. 

»,c'f  f.4-*»)to*.«-» 

1.04 

1«I2 

2.2 
L238 

Snwslfic  ara vlty  CauDKrattt'l ....... 

lAn 

.«ir 

laoB 

1  148 

^3:/fli<^hOT*  atkif^ae** 


4 

BHqiwtB. 

PltdM«. 

POOL 

Tert 
17St. 

Test 

TflBt  I   Te«t 
241*.  :  24S*. 

Tert 
24fl*. 

Ijfllxtrslory  No. ,  ............* 

««. 

««»      #170 

1257 
13.70 

.54 
.47 

4BU9 

^1A 

436S 

7.64 
7.64 

7,13 

«»,!  «. 

vcm 

Air^rylnff  losi. .  ^ .  .ppr  i^nt^  ^ 

mao     a.4n 

Alrdric<l do.... 

"9©:e6" 

I 

,47 

8.31 
7.44 

7.01 

1 

Aa  rf^Hjvt'd . . .  .do. . . . 

PUch  In  liriqijeti  hm  rposl^odj 
pRf  cwnt , , , . 

&44 
a37 

7.ia 

7  go 

1 r-- 

MONTANA, 


MONTA^S^A  NO.  2. 

Lignite  from  the  Bridger  bed  at  Fromberg,  Carbon  County,  on  the 
Northern  Pacific  Railway,  was  designated  Montana  No.  2.  One 
sample,  shipped  under  the  supervision  of  N.  H.  Darton,  was  used  in 
steaming  test  470  and  producer-gas  test  149.  Mine  sample  3954  was 
taken  by  N.  H.  Darton. 

CHEMICAL  ANALYSES. 

Montana  No.  2. 


Laboratory  No  . . . 

AirKlrying  loss 

Proximate: 

Moi^turo 

Volatile  matter 

Fixed  carbon. . 

Ash 

Sulphur 


Mine 
sample.  I 

3954 


H.  93 

33.  43 

4r».  92 

10.  72 

.01 


Car      , 
sample,  ; 

4234 
3.3() 

8.51 
31.58 
44.52  i 
15.39  I 


Steaming 
test  470.  a 


9.29 
31.20 
42.  9<'. 
K).  55 


Ultimate: 

Hydrogen. 

Carbon 

Nitrogen. . 

Oxygen 

Ash 

Sulphur. . . 

Calorific  value  de-1 


alorific  value  de-      ,     • 

termined(asre-  9f'7„ 
ceived) J13.  I.  u... 


Car        Steaming 
sample,      test  470.  o 


4.96 
58.96 

1.10 
18.99 


5,821 
10,478 


4.31 
63.36 

1.18 

12.28 

18.24 

.63 


oProximatc  analysis  of  fuel  as  llred;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
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STEAMING  TEST. 

Montana  No.  2. 


Sixe  aa  used: 

Over  1  inch per  cent. 

I  inch  to  1  inch do... 
inch  to  i  inch do . . . 
nder  ^inch do... 

Average  diameter inch. 

Duration  of  test hours. 

Heating  value  of  coal B.  t.  u.  per  pound  dry  coal. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do . . . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour do. . . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. 

Water  evaporated  from  and  at  212°  F.: 

Per  i)ound  of  coal  as  fired do . . . 

Per  i)ound  of  dry  coal do. . . 

Per  pound  of  combustible do. . . 

Efiiciencv  of  boiler,  including  grate per  cent. 

Coalasftred: 

Per  indicated  horsepower  hour pounds. 

Per  elecUical  horsepower  hour do. . . 

Dry  coal: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


Test  470. 


38.2 
24.1 
13.7 
24.0 
0.89 
6.50 
11.257 

0.88 

.23 

26.51 

4.04 

113.30 

5.75 

6.93 
7.64 
9.71 
65.54 

4.08 
5.04 

3.70 
4.57 


PRODUCES-GAS  TEST. 

Montana  No.  2. 

Test  149. — Size  as  used:  Over  1  inch,  51  per  cent;  J  inch  to  1  inch,  21  per  cent; 
i  inch  to  i  inch,  20  per  cent;  under  J  inch,  18  per  cent.  Duration  of  test,  40  hours; 
average  electrical  horsepower,  188.9;  averages  B.  t.  u.  per  cubic  f<K)t  of  gas,  147.5; 
total  coal  fired,  15,450  pounds. 


Coal  consumed  in  producer  per  horsepower  hour  (pounds). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switch  board 

Per  brake  horsepower: 

Ck>mmercially  available 

Developed  at  engine 


EquivaJent  used  by  producer  plant  (pounds). 


Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard. 

Per  brake  horsepower: 

Conmiercially  available — 
Developed  at  engine 


Coal  as 
fired. 


2.13 
2.05 


1.81 
1.74 


2.34 
2.25 


1.99 
1.91 


Dry  coal. 


Combus- 
tible. 


1.95 
1.87 


1.66 
1.59 


2.14 
2.06 


1.82 
1.75 


1.56 


1.38 
1.32 


1.78 
1.71 


1.52 
1.45 


Analysis  of  gas  by  volnnw.f^ 


Carbon  dioxide  (COj) 13.2 

Carbon  monoxide  (CO) 14. 2 

Hydrogen  (Hj) 16.0 

Methane  (CH*) 2. 9 

Nitrogen  (N«) 25. 9 

~^<^;r;:::::;:;:;:;:;;:::;::;;;:;:;;:;;:;;:;;:::::;;:::;:::::::::::::::;:;::   -.1 


Oxyg 
Ethylene  i 


a  For  analysis  of  fuel  used  see  page  174  (sample  4234). 
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MONTAISTA  NO.  3, 


Lignite  from  the  Bridger  bed  at  Bridger,  Carbon  County,  on  the 

Northern  Pacific  Railway^  was  designated  Montana  No.  3.  One 
sample,  shipped  under  the  supervision  of  N.  H,  Dartron,  was  used  in 
steaming  test  477  and  producer-gas  test  150,  Two  mine  samples^ 
3955  and  3956,  were  taken  by  N.  H,  Darton. 


CHEMICAL  ANALYSES, 

Mod  tana  No.  3- 


LAbomtory  No,,*„.. *..*,» -^ -., 

JUr-drylng  loss. --,.-„ -..,..... ....*.«.»*..,-*.*.,<< 

iioiituic,,,  ,,^*^, -.■-.*..-... ,,^ **.,_^-,.„,_, 

Vokiile  matter*-,, .,,..,.„»., ,-^. ..,.-. *..-.. 

Fixed  cfiLEban.,....;. _«_... i,«^.....^.«<. ....*, >,.... 

Ash.., ...* - - -.,-. 

SuJphLlr. -.,. ,,_»^,*.., ..*,.- 

iLydrog«n , ., , .,,^..-,,,„ 

C-iirbOtt ,.„,,„-.,,.^. ,...,.... — 

KLtrogfliip.,^^^...^,........,.,.^.. „,„^..^,_ 

Oxi'gpfi, ,  *  - . -,«„...*,^ .,.,-„,.. 

A^,.  .. , --. 

Sulphtir,.,,,, ,.*.„........  — 

CitltirifluYiaiiedfitatiiiUsedCa*K?ceiTeil> {^l'^; 


Mine  luiRipIp^. 


as^ 


a  47 
31.47 

I&IB 


m^ 


&7Q 
«K07 

aaQ 


Buinplo. 


4271 
3.10 

urn 

13,39 

i&.Mt 


—    *  Pr^iitmHtfl  imalyisl*  of  fuel  ai»  fired;  ulUmotf*  nftiiiysls  of  dvy  friel  WgiTTTK^  from  car  sumple-       — < 

STEAHINO  TEST, 
M{>ut4in;i  Nil.  II. 


Ovi»r  1  incJi,*  „,,_,.,-, -.., - percpnt-- 

i  inch  to  1  Inoh. , , . ,, , do. . . . 

I  inch  to  J  Inch*,. ...., .-..- _...-*....._,...__.....,,,._, ,.,,.. do,,., 

Undyr  f  Intii,..^. ., .do.... 

Avprtigjc  dlEnnt^tpr.,., ......^ . ,.,,,_„,,,„..,, „, , iuclifrit, , 

Duration  of  tost ,.,.,..,,... houn.. 

H(aitlQ(^  ¥nJiMi  of  coal.,, ,, ,,,.,,.,,,,,,,„,,,,, B,t,  ii-per  poiuid  dryooal.. 

ForM*  of  draft ; 

Under  f<tac)t  damper .inch  water. . 

Ahov^  flrH , . , ,,.,,.._ _ . . , , . . , ,..,..,., ,.-.,,* ,  ,do, , , . 

DrVftjal  UBe^l  persquiirn  foot  of  p-ntc  sorfaco  per  hour................ .....pounds.. 

Eqiirvfllont  wfttflr  ei  aporated  por  squjirn  foot  of  Wiitor-hesAtUig  surfftoci  per  hour. .  .,.do 

Pert^-ntnge  of  rated  horsepowrr  of  boiler  doveJopod ..  ^ 

Walter  rt  [snan-intly  i?vrtponito?d  jtar  pound  of  Qtad  aa  fired pounds. . 

WfitiT  fn-apf>rfit*3d  fritm  and  at  212*  F,: 

Pi.T  pound  of  coal  us  fimd , , .do . . .  ^ 

PtT  pound  of  dry  vcmi ,,,,... , , ..,<-., ,  ,do 

F<?r  pounrl  of  eoMibiiintJ  tdi? ............... . . . . . ..  ^  _._.......__...... . do. . . . 

Efllclpucy  of  boDnr,  inciuding  gr.atfl ,,,._.,.,..__..,,,„.,„. ,,„,„,, „, _, , . , ,per  cent, . 

Coal  as  ffred : 

pprindicfttfld  hors+^pownr hour ,., ,^.., .> , pounds.. 

For pifwtrical  liors^ppo wi'r  hour* ^ . , , . , . , _^___ , , ,^,__, , . , ,^, ,^, . , , ,, t^, . . . ,do^ . , . 

Dryc!oal: 

Ferintllcatfid  horswpowprlioijr ,,..,,.,.>,.,, ,,..,, -..,,...,, ,,.»,... do**,. 

For  tlectrf  cal  horsepower  hour..  _x^..^.. ^.^ ♦.^_.__^.. ..^_.^.,. do.... 


TfM  4r7i 


£2,9 
21. 6 
10,9 
146 
1,« 
8.07 
ll,d2£ 

as6 

*H 
26. 9S 

111 
Hi  2 

S.75 

9.32 
f»3.37 

5-04 

3,71 
45& 


t 
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PBODUCER-GAS  TEST. 

Montana  No.  3. 

Test  150. — Duration  of  teat,  49  houra.     Average  electrical  horsepower,  199.6;  aver- 
age B.  t.  u.  per  cubic  iooi  of  gas,  181.5;  total  coal  fired,  15,950  pounds. 


Coal  consumed  in  producer  per  horsepower  hour  {pounds). 

Per  plectrical  horsepower: 

(Commercially  available 

Developed  at  switch  board 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


Equivalent  used  by  producer  plant  (pounds). 


Per  electrical  horsepower: 

Commercially  available 

Developed  at  switch  board. 
Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


Coal  as 
Ored. 

Dry  coal. 

Com])us- 
tible. 

1.60 
1.63 

1.5.'> 
1.49 

1.32 
1.27 

1.44 
1.39 

1.31 
1.27 

1.12 
1.08 

1.80 
1.74 

1.65 
1.50 

1.41 
1.3G 

1.63 
1.48 

1.40 
1.35 

1.20 
1.15 

Analysis  of  gas  by  volume,  f^ 

Carbon  doxide  (COj) 8. 0 

Carbon  monoxide  (CO) 23. 2 

Hydrogen  (Hj) 15.9 

Methane  (CH4) 3.3 

Nitrogen  (Na) 49.2 

Ethylene  (CH*) 4 


NEW  MEXICO. 
NKW  MEXICO  NO.  3. 

Bituminous  coal  from  Van  Houten,  Colfax  County,  on  the  Atchi- 
son, Topeka  and  Santa  Fe  Railway,  was  designated  New  Mexico  No. 
3.  The  coal,  as  worked  from  an  outcrop  at  this  place,  averages  6 
feet  6  inches  in  thickness. 

Three  kinds  of  coal  were  shipped  from  this  mine  under  the  super- 
vision of  J.  S.  Burrows:  New  Mexico  No.  3  A  consisted  of  run-of- 
mine  coal  used  in  steaming  test  396  and  producer-gas  test  121.  New 
Mexico  No.  3  B  consisted  of  10  tons  of  lump  and  was  used  in  steam- 
ing tests  389  and  391 ;  also,  together  with  equal  portions  of  washed 
New  Mexico  No.  4  B  and  No.  5,  in  coking  test  152  and  cupola  tests 
98  and  130.  New  Mexico  No.  3  C  consisted  of  40  tons  of  slack,  and 
was  used  in  steaming  test  392  (on  washed  coal);  washing  test  168; 
and  coking  tests  148  and  149  (on  washed  coal).  At  this  mine  coal 
that  passes  through  a  |-inch  screen  is  called  '*slack,"  and  that  pass- 
ing over  the  f-inch  screen  Is  graded  as  *Mump.'^ 

Two  mine  samples  taken  for  chemical  analysis.  Sample  3221  was 
taken  2,000  feet  northwe.st  of  the  drift  mouth,  where  the  coal  meas- 
ured 6  feet  11  inches  in  thickness.  Sample  3222  was  taken  3,000 
feet  from  the  drift  mouth,  where  the  coal  measured  6  feet  1 1  inches 
in  thickness. 


•  For  analysis  of  fuel  U8^.  aef  page  176  (s&mpUt  4271;. 
19606 —BnlL  No.  332— OS 12 


GEEmCAL  AHAXTSEB. 

New  Mexico  Kg.  S. 


lilntf  saraplee. 

atttuomg  t«St». 

# 

A. 

fl. 

c. 

JU 

c. 

B. 

306. 

30OL 

mi. 

auL 

Lfl Moratory  Not,--^„*^ 

LOO 

ea.oo 

.73 

2.00 

33.03 
50. 5S 

3205 
2.00 

a.  45 
32.00 
47.fiS 
Jfl.fl7 

eB.19 

1.23 

JO.  33 

3307 
3.00 

^2.31 
47.  M 
15,92 

.ga 

47§ 
66.06 

1.15 
11.33 

1.40 

2,7S 
33.10 
48.54 
IS.flg 
.D4 

67.70 

LIS 

10,12 

^ 

Air-ilniJlg  loM,*,.  H*  »,,,,- 

!""!" 

Frojtiinatfl; 

Molaium, ..,., 

2,83 
32.73 

47.  m 

16,90 
-73 

172 

68  45 

L28 

7.1i 

17.  S» 

,74 

XOl 

3.47 

177 

Volatile  luatler. 

Fixed  carbon.  .*.»„.,„, 

33.61       32W 
4L05       47,ti3 
I7.;u  ;    ifl  fti 

^3,10 

Asb  ..... 

taL33 

Sulphuf,-,-  .,,-^ 

.73 

11)5 

1.19 

7.73 

17,87 

.74 

4.68  i 

ea.43 

1.19 

zn 

17.34 
.60 

.71 

Ultlmat*! 

ISJ 

Carbou. 

73.14 

Ojiteoh.  ......... .-.*l... 

1.2S 

a.  17 

A^rr:. :::::::::::::::: 

12.85 

Sulphux. ......... 

CaJoiUle  value  (aarooeived) : 

7,a!ia 

e,Q07 
11,^ 

11,913 
©,509 
U,710 

6,758 
12,iaB 

6,715 
13,Ge7 

.m 

_; 

..--*.J 

«« FiDxImate  Atuayila  of  hud  aa  tUtad :  ultLmiAtB  imtl^riiA  of  diy  iool  flgiut»d  Irotn 
STEAJCINO  TESTS. 
Kew  Meixico  No.  3. 


oarouiaple. 


Size  as  shipped 

Size  as  used: 

Over  1  inch per  cent. . 

*  inch  to  1  inch do 

I  inch  to  i  inch do 

Under  \  inch do 

Duration  of  test hours. . 

Heating  value  of  coal B.  t.  u.  per  pound  dry  coal.. 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temperature °F.. 

Dry  coal  used  i>er  square  foot  of  grate  surface  per  hour, 

pounds 

Equivalent  water  evaporated  per  square  foot  of  water-heat - 

surface  per  hour pounds. . 

Percentage  of  rated  horsepower  of  boiler  developi'd 

Water  apparently  evaporated  per  pound  of  coal  as  firt'd. 

pounds 

^^  ater  evapomted  from  and  i»t  212  °F,: 

Per  pound  of  coal  a.«!  fired pounds. 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  gmtc per  cent. . 

Coal  as  fired : 

Per  indicated  horsepower  hour pounds. . 

Per  elect  rical  horsepower  hour do 

Dry  coal: 

Per  indicate<l  horsepower  hour do 

Per  electrical  horsepower  hour do 


118 
23.2 
22.2 
39.8 
10.0 
12,301 

O.GO 

.22 

2,333 

23.48 

3.86  I 
108.2  I 

0.84 

8.(X) 

a  2:3 
10.  ;k) 

64.61 

3.54 

136 

3.44  . 
124 


1. 

30.6 
27.1 
18.3 
210 
10.0 
12,213 

0.54 

.18 

2,225 

20.91 

3.51 
98.5 

7.02 

8.  ir» 

8.42 
10.54 
6tl58 

3.46 
128 

3.36 
115 


315 
27.9 
16.8 
20.8 
10.0 
12,301 

0.57 

.21 

2.432 

23.82 

109 
1118 

7.18  I 

8.40 
8.61  1 
10.66  1 
67.59 

3.37  ! 

116  j 

3.28 

106  I 


C. 


Test  392 

(w.). 


5.6 
27.9 
31.3 
35.2 
9.37 
13,059 

0.64 

.22 

2,420 

2156 

125 
119.2 

7.08 

8.26 
8.68 
10.16 
64.19 

3.42 
123 

3.26 
102 
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PBODUCEB-GAS  TEST. 

New  Mexico  No.  3  A  (run  of  mine). 

Test  121. — Duration  of  test,  50  hours;  average  electrical  horsepower,  198.4;   average 
B.  t.  u.  per  cubic  foot  of  gas,  155.1;  total  coal  fired,  12,850  pounds. 


Cofd  as  >.__  ^^„|  I  Combiis- 


Coal  consumed  in  producer  per  horsepower  liour  (pounds). 

Per  electrical  horsepower: 

Ck>inmerci&Uy  available 

Developed  at  switch  board 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


Equivalent  used  by  producer  plant  (pounds). 


Per  electrical  horsepower: 

Conmiercially  available 

Developed  at  switch  board  . 
Per  brake  horsepower: 

Conmiercially  available 

Devdoped  at  engine 


1.37  , 
1.30  1 

1.32 
1.25 

1.05 
.99 

1.17 
1.10 

1.12 
1.06 

.90 
.85 

1.47 
1.39 

1.42 
1.34 

1.13 
1.07 

1.25  1 
1.18  ' 

1.21 
1.14 

.96 
.91 

Analyses. 


Coal. 

ICoisture 3. 62 

VolatUe  matter 31.66 

Fixed  carbon 46. 19 

Ash 19.63 

Sulphur 72 


Oas  by  volume. 

Carbon  dioxide  (COj) 9. 2 

Carbon  monoxide  (CO) 20. 5 

Hydrogen  (U») 14. 5 

Methane  (CII*) 2. 0 

Nitrogen  (Hj) 53. 4 

Ethylene  (CiIIO 4 


WASHING  AND  COKING  TESTS. 

New  Mexico  No.  3. 

Wasking  test  168  (coal  C,  slack).— Jig  used,  Stewart.     Raw  coal,  43,000  pounds; 
washed  coal,  38,000  pounds;  refuse  5,000  pounds. 

Cohing  t^sts. 


Sire  as  used 

Duration  of  test hours. . 

Coal  charged poimds. . 

Coke  produced Z^;^-;; 

Breer^  produced P^oumi--- 

Total  yield ._do 


3C(s.). 


Teat  148    Toflt  149 
(raw).         (w.). 


3B  (1.), 
4B  (8.), 

ana  5 
(r.  0.111.). 


Test  152 

(w.). 


f.c. 

f.c. 

52 

48 

12. 120 

11.710 

7,665 

7.233 

63. 16 

61.77 

410 

360 

3.38 

3.07 

66.54 

64.84 

f.c. 

4S 

12.  (KK) 

7.5'.Mi 

6.'t. ;«) 

;J28 

2.  73 


Remarks.— Test  148:  Light  gray  and  8ilver>';  g(M)d  h<'avy  coko;  aah  high.  Test  119: 
Light  gray  and  silvery;  good  heavy  coke;  ash  rcdurt^d  by  washing,  but  still  hi«rh. 
Test  152:  Light  gray  and  silvery;  gcKxl,  strong,  hinvy  coke;  g(M)d  ring,  breakage,  and 
cell  structure. 
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WflrtiinB  tc#t  16&.|Cokii^gr  tMt  Ha 

ColOng  twt  14», 

Ci>kme  t«at  1S3. 

BftW 

c<yiL]. 

c^. 

CokB. 

Co*l. 

Coko, 

CcwJ. 

Q4te^ 

ilol«tuTe. « *  * . ,  * ■i.,.^-.,-.^. 

«l01 

^.134 

1132 

.78 

0l7B 

7S.14 

m43 

.71 

JV74 

4a  UD 
VL2h 

so.  43 
17.  in 

.439 

Q^W 

VaUtikf matlet    ** .,.,.*.. 

t4S 

F^J^i^  ftft^lHUl^  ,  .,         ,    ^,.   .     .      ..^.^    . 

15.4 

Adi. .., „_„_-.- 

12,43 
.71 

Cupola  tui$  of  mke  rtwdefram  New  if  mm  Nm.  ^  8^4  Bf  and  5  coal  (wosjbd). 

CHARaB. 


Cupola 

Coto.fl 

FJuid- 

ity 
Btrlp 
liiU. 

MitttSTLalfl. 

BIviBtons^f  ch4Tfi?. 

No.    1  ^-- 

RfttlQ 

Iron  to 
cokn. 

1. 

^, 

r 
3.      '■      i. 

1 

5. 

Total, 

9^ 

J3a 

1.91 
1,&1 

7 
7 

96.9 
OB.  9 

fCokO 

Pig  iron...  . 
8cmp.,„,,, 

Coke - 

Pigijon..... 
Stmp 

Lbt. 
310 
630 
210 
20D 
r»0 
200 

Lbs. 
55 
405 

135 

Lb».    , 
55 
40S 
135 

413 
1^ 

55 

40S' 

57 
4U 
137 

55 

405 
135 
67 
412 

430 
a,  250 

750 

430 
2.250 

750 

4  PboBplioruH  in  coke*  O.034S  percent, 
RKCORD  OF  MELT. 


Cupola 
test 
No. 

Blast  pressure. 

Iron 
run- 
ning 
in— 

Min. 
10 

Weight  of  ir 

on. 
Total. 

Melting. 

Recovered. 

on  at-        ^i 

Poured. 

Addi- 
tional 
melted. 

Time. 

Min. 
29 
2« 

Rate  1  Ratio 

pc^r    [iron  to 

hour.    coke. 

Loss. 

Per  ct. 
7.  .50 
7.03 

Iron.  Coke. 

98 
130 

1.48  p.m.... 
3.18  p.  m 

Oz. 
7 
7 

Lbs. 
1,162 
1,778 

Lbs. 
325 
252 

Lbs. 
1,487 
2,030 

Lbs. 

3.076       4.31 

4,511       0.51 

1,288 
759 

Lbs. 

85 
118 

L.\DLE  RECORD. 


Ladle 
No. 


1. 
2. 
3. 
4. 

5. 

6- 
7. 
8. 
9. 
10 
11 
12 


Test  98. 

Tesi 
Pounds. 

.130. 

Time 

(p.  m.). 

Pounds. 

Time 
(p.m.). 

83 

2.07 

94 

3.34 

86 

2.07i 

52 

3.34i 

3a 

2.08 

97 

3.38 

78 

2.15 

88 

3.38J 

79 

2.15J 

79 

3.39 

86 

2. 16 

109 

3.39J 
3. 40A 

58 

2.18 

83 

66 

2.18i 

82 

3.41 

70 

2.19 

91 

3.42 

52 

2.21 

95 

3.42i 

61 

2.22 

75 

3.43i 

5<i 

2.22i 

48 

3.44 

Ladle 
No. 


13. 
14. 
15. 
16. 
17. 
18. 
19. 


T«st  98. 


Test  130. 


Pounds.     ( J^5^^)      I'ounds. 


55 
64 
53 

68 
42 

66 


2.24 
2.24.J 
2.25 
2.27 
2.27i 
2.28 


Time 
(p.  m.). 


94 

3.45 

84 

3.45i 

82 

3. 46 

24 

3.47 

86  1 

3.49i 

99 

3.  .50 

84 

3.51 

64 

3.  51 J 

S6 

3.5.3i 

25 

3.  .54 

57 

3.5.5 

Remarks. — Tost  08:  Iron  very 
tuyeres  after  sixteenth  ladle. 


hot  and  fluid.     Lar^^e  (quantities  of  slair  <lose<l  uj) 
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NEW  MEXICO  NO.  4. 

Bituminous  coal  from  Brilliant,  Colfax  County,  on  the  Atchison, 
Topeka  and  Santa  Fe  Railway,  was  designated  New  Mexico  No.  4. 
The  coal,  as  worked  from  the  outcrop  at  this  place,  averages  5  feet 
in  thickness. 

Two  samples  of  coal  were  taken  from  these  mines  for  testing 
purposes  under  the  supervision  of  J.  S.  Burrows.  New  Mexico  No. 
4  A  consisted  of  run-of-mine  coal  and  was  used  in  making  steam- 
ing tests  397  (raw)  and  398  (washed),  producer-gas  test  122,  and 
washing  test  174.  New  Mexico  No.  4  B  consisted  of  slack  coal 
through  a  IJ-inch  perforated  screen,  and  was  used  in  making  steam- 
ing test  395,  washing  test  170,  coking  tests  150  (raw)  and  151 
(washed),  and  cupola  test  119.  Mixed  with  New  Mexico  No.  3  B  and 
No.  5  (equal  portions,  washed),  No.  4  B  was  also  used  in  coking  test 
152  (see  p.  179)  and  cupola  tests  98  and  130  (see  p.  180). 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  3228 
was  taken  475  feet  southwest  of  the  drift  mouth,  where  the  coal 
measured  5  feet  8  inches  in  thickness.  Sample  3229  was  taken  800 
feet  south  of  the  drift  mouth,  where  the  coal  measured  4  feet  3  inches 
in  thickness. 

CHEMICAL  ANALYSES. 

New  Mexico  No.  4. 


Mine  samples. 

Car  samples. 

Steaming  tests,  a 

A. 

3331 
1.40 

2.78 
34.31 
48.34 
14.57 
.61 

5.06 

1.51 
9.74 

B. 

3315 
1.70 

3.38 
34.63 
48.45 
13.54 
.61 

5.13 
68.67 

1.50 
10.55 

A. 

B. 

397. 

398. 

'Mi'). 

LfSboratory  No 

3228 
1.00 

2.19 

35.95 

50.75 

11.11 

.57 

3229 
1.30 

2.67 
36.25 
51.26 

9.82 
.58 

Air-drvine  loss 

Proximate: 

Moisture  

2.30 
34.59 
48.53 
14.58 
.60 

4.89 
70.54 
1.56 
7.48 
.61 
14.92 

3.86 
34.06 
50.68 
11.40 
.63 

5.07 

73.07 

1.61 

7.73 

.66 
11.86 

3.37 

Volatile  matter 

34.70 

Fixed  carbon 

4S.  18 

Ash 

13. 75 

Sulphur 

.(52 

Ultimate: 

Hydrogen 

4.91 

Carbon. 

70.90 

Nitrogen 

1.55 

Oxveen 

7.77 

Asfi          :::::. 

1 

.64 

Sulphur 

. 

14.23 

Calorific  values  (as  received): 

Determined {^f^^" 

Calculated  froml^j^^^^g 

7,257 
13,063 

6,830 
12,294 

6,873 
12,371 

6.914 
12, 445 

6,875 
12,375 

ultimate  anal->T?*r  „  •  " 

ysis jxj.t.u... 

a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
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New  Mexico  No,  4. 


BlftenisWppe*!. - „„.........—->„.... ,..**. 

Ovtir  1  Inch.. . ,,,,,„._„- -percent*. 

i  inch  to  I  IticlL.,.,,,,,.,-,,.,,.^..,,.,,...^^-, .do.,., 

I  iuoh  to  J  indj..,-,,..--,,,,^**. .,_,*. -.,*. -,do 

Under  I  inch*..,* 4. ..*.*.*- -— .„..,,,,..,,...,., -do.,,, 

Duration  of  test ..,  ^ „..._„ , , ,  -  ,lMMirB* . 

lleatlnir  VAlue  ot  0001. .....................  .B,  t»  ti.  per  pound  drf  ecwl  , 

Forw  of  drAft^ 

Under  stKck  d*flip«r  ,*.*,* .,,,*,...,, ......aticli  wawt.. 

Above  flj«.,., ^...,.,..^. *..,,„ idll.*.. 

FuTOBW tamperBtuiv ,,.._„.,._ , — "P., 

Dry  ™*l  uipd  per  squniw  toot  of  grat6  eurfaon  p^r  Itoor. ......  .pound*. 

EqulVH-ient  ^iit«r  evuporatM  per  ■quaiV'  foot  of  wiLter-tip^it  Lng;  Hurfftc^o 
per  hour .  h. pounds, 

Forcflottt^  of  raliwl  htirju^powpr  of  hoLU^r  devi.4lop(2d ... , 

Water  apparFHtlv  ('mporjiitpd  pnr  ptiund  of  CftA!  am  flred,,..  ...poundj. 

Wfttef  eVAporat^d  from  iind  rit  212*  P.: 

PflT  pound  of  coiJ  ha  flrt-d ...... , .* ... *...do.w, 

Rpf  pound  of  dry  coa!  ,....._., , . . _,.....,.. .  .do.. ,, 

Pt*r  pound  of  ponibUMSblp ., ...., , ^, ^,,,do**^. 

EflkUtncv'  of  boLiwr,  incluiting  Rr*t<^,  *,  .*,*...,.* .>,►....  .per  eont, 

Cxiitl  »s  uTvdi 

IW  lndi<?4tftl  hor«Ppowipr  hour __-,.^......t_ poutlda., 

t\sr  clcctrfcal  horiK?pow**f  hour. ., , ..,.,_.,-. ...,,,.. . -do. . . 

Dry  ftjfti: 

Htr  ludic&tpd  hornepowcr  hour.  .^  ^ «, ,, . . .^.. i. 

Rpr  sl«tri(?»l  horsopower hour .-^.,-,. ^_^....... d.o.. . 


T^tm, 


21.3 
23.3 

1M*S 
».7 
10,0 

22. 7H 

6.79 
7,97 

02.39 
3.^ 

3.17 

4.  as 


Tost  3011 


lT,i 
21,  fl 

an.  a 

10.07 

0v54 

2*  £34 

31, 0S 

S^M 

1(11,1 
7.JS* 

S*47 
8*  HI 
10.17 
84.70 

XU 
4*12 

1,% 


TiiRtafi. 


1.7 
17, a 
27.4 
5a.  1 
10.  OS 
12.  M7 

0,01 

,22 

3.GU 
100.« 

«,  r4 

K.43 

10.  ID 

3.47 

aais 

414 


FRODITGER-GAS  TEST. 


New  Mexico  No.  4  A  (run  of  mine). 


Test  /3^.— Duration  of  test,  50  hours, 
age  H.  t.  u.  per  rubir  f<K)t  of  gas,  135.3. 


Average  electrical  horsepower,  189.5. 
Total  coal  fired,  13,110  pounds. 


Aver- 


Coal  consumed  in  producer  per  horsepower  tiour  {pounds) . 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 

Equivalent  used  by  producer  plant  {pounds). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


Coal  as 
fired. 


1.48 
1.38 


1.25 
1.18 


1.62 
1.52 


1.38 
1.29 


Dry 
coal. 


1.44 
1.35 


1.22 
1.15 


1.58 
1.48 


1.34 
1.26 


Com- 
busti- 
ble. 


1.24 
1.16 


1.05 
0.99 


1.36 
1.28 


1.16 
1.08 


Analyses. 


Coal. 


Moisture 2.  42 

Volatile  matter 34.  82 

Fixed  carbon 49.  23 

Ash 13.  .53 

Sulphur (\3 


Oas  by  volume. 


Carbon  dioxide  (C0|) 10. 6 

Carbon  monoxide  (CO) 17. 0 

Hydrogen  (H,) 12.6 

Methane  (CH*) 2. 0 

Nitrogen  (lit) 57.2 

Ethylene  (CjHO 6 
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WASHINO  AND  COEINO  TESTS. 

New  Mexico  No.  4. 

Washing  Usls. 


Test  174 

(A). 

Test  170 

(B). 

Size  as  shfpped 

r.  0.  m. 

cr.  to  2" 

Stewart. 

20,000 

16,275 

3,725 

8. 

As  used 

S. 

Jig  used - 

Stewart. 

Raw  coal 

pounds  . 

24.000 

Washed  coal 

do 

21.000 

Refuse 

do 

3.000 

Coking  tests  (B). 


Size  as  used 

Duration  of  test. 
Coal  charged..... 

Coke  produced . . . 


Breeze  produced . 
Total  yield 


Test 


Test 


150  (raw).'  151  (w.) 


hours. . 

...pounds.. 

I... .do.... 
'ipercent.. 

jpounds . - 
•"mercent.. 
..7?l.do.... 


f.c. 

49 

11,790 

7,610 

64.55 

362 

3.07 

67.62 


f.c. 

43 

11,430 

6,98() 

61. 12 

307 

2.69 

63.81 


Remarks. — ^Test  150:  Light  gray  and  silvery;  good  heavy  coke;  ash  high.     Test  151 : 
Light  gray  and  silvery;  good  heavy  coke ;  ash  reduced  by  washing. 

Analyses. 


Moisture 

Volatile  matter. . 

Fixed  carbon 

Ash. 

Sulphur , 


Washing  test 
174  (A). 


Washing  test 
170  (B). 


Coking  test  150    Coking  test  151 
(B).  (B). 


Raw.    Washed.  I 


2.78 
34.31 
4&34 
14.57 
.61 


3.71 


11.39  I 
.58  , 


Raw. 

Washed. 

C^al. 

3.38 
34.63 

5.97 

3.69 
34.62 
47.83 
13.86 
.66 

48.45 

13.54 
.61 

9.41 
.65 

Coke.      Coal. 


I 


1.10  I 
.94  ' 

78. 48  j 

19.48  I 

.58  I 


5.52 
35.29 
49.87 

9.32 
.67 


Coke. 


1.39 

83.66 

14.10 

.60 


Cupola  teM  of  coke  made  from  New  Mexico  No.  4  B  coal  (washed). 
CHARGE. 


Coke.a 

Fluid- 
ity 
strip 
fuU. 

Divisions  of  charge. 

Cupola 
test 
No. 

Test 
No. 

Specific 

Ratio 
iron  to 
coke. 

Materials. 

1. 

Lbs. 
200 
600 
200 

1 
2.       1       3. 

4. 

Lbs. 
57 
412 
137 

■  Total. 
5.      ' 

119 

151 

L«2 

7 

Perct. 
98.61 

[Coke 

{Pig  iron 

[Scrap 

Lbs. 
58 
413 
138 

Lb8. 

58 
413 
138 

Lbs.  i   Lbs. 
57         m 
412  1     2.250 
137  '        750 

o  Phosphorus  in  coke,  0.094<i  per  cent. 
RECORD  OF  MELT. 


Blast  pressure. 

Iron 

running 

in— 

Weight  of  iron.        1                   Melting.                    Recoverpd. 

Cupola 
test 
No. 

Gnat— 

Max- 

Imum. 

Addl- 

Poured.'  tional 

1  melted. 

1 
Total.  Time. 

Rate 

per 

hour. 

Lbs. 
4.957 

Ratio 

iron  to  Loss, 
coke. 

Iron. '  Coke. 

119 

8.57  a.  m — 

7 

Min. 
6 

Lbs. 
2,210 

Lbs. 
351 

Lbs. 

2,561 

Min. 
31 

\Per  ct. 
7.  30      9.  23 

Lbs.  \  Lbs. 
102          79 
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Cupola  t€»t  of  coke  itmd^fiom  New  Mexico  No.  4  B  coal  (/iwii/«d>— Cootiaued- 

Teat  no. 

LoAlioNo. 

Teat  119. 

I^lANO. 

Ymmda. 

Timft 

(ft,m.). 

l^ ^    ,     , 

911 
04 

m 

102 
70 

m 

fl.l2 
t.l24 

9116$ 

»,ir 

9.10 
9.20 

9.21 
a2S 

H    .  .  .                       ...  -.^> 

83            &.25 

2. .„.„.„_ ,.,.. 

U ..,.., ^-,.- 

7b            9.28 

3 , ,„ 

IIJ,„, „,.,, 

]D3            9.2air 

1:,::::::::::;:::::::;::;::::: 

17__ ,.., .. ... 

106 

lOi 

W 
143 

tV,2T 

fi..... ..,....,._. 

«. ...,...-.., 

18... 

1ft .......... 

7-.,,,..-. ......... i^**,,5*    ^ 

30.     .....^^. ..:....... ^... 

JS^ 

s.. .....,_„_ ...„^, 

21.... J. 

i.m 

0, 

33.„„,., „..-...,. 

S.^ 

10 ,.„... ,   .     . 

^......., .^.^.. ............. ^J 

^.33 

ll.„. .......„..,.,., ......I.. 

24.. ...... ^......,.,^,. .^„V,, J 

«.:czi 

L3__,,..„ , 

as       ku 

2S,.... -....*.* 

9,33 

li , 

^::::;:::::::::::::::::;c::: 

9,»4 

NEW  MEXICO  NO.  5. 

Bitujninous  coal  from  Blossburg,  Colfax  County,  on  the  Atcliison, 
Topeka  and  Santa  Fe  Rail  way  j  ^vas  designated  New  Mexico  No.  5. 
The  ooal^  as  worked  from  the  outcrop  at  tliis  place,  averages  7  feet  6 
inches  in  thickness. 

This  sample  was  run-of-niine  coal  loaded  under  the  supervision  of 
J.  S,  Burrows^  and  was  used  in  making  steaming  test  387,  producer- 
gas  test  120,  washing  test  167j  coking  tests  146  (raw)  and  147  (washed)  j 
and  cupola  test  120.  MLxed  with  New  Mexico  No.  3  B  and  No. 
4  B  (equal  portions,  washed),  it  w^as  also  used  in  coking  test  152  (see 
p.  179)  and  cupola  tests  98  and  130  (see  p.  180). 

Two  mine  samples  w^ere  taken  for  chemical  analysis.  Sample  3226 
was  taken  5,300  feet  north  of  the  slope,  w^here  the  coal  measured  7 
feet  in  thickness.  Sample  3227  was  taken  4,200  feet  southwest  of  the 
slope,  where  the  coal  measured  7  feet  8  inches  in  thickness. 


CHEMICAL  ANALYSES. 

New  Mexico  No.  5. 


Mine  samples. 

Car  sam- 
pie. 

Steam- 
ing test 
387.a 

Laboratory  No 

3226 
1.20 

2.  25 

33!  r9 

52.  19 

12.37 

.75 

3227 
1.20 

2.31 
33. 01 
51.58 
13.10 

.(Mi 

3294 
1.40 

2.72 

31.85 

50.80 

14.57 

.69 

4.88 

69.96 

1.17 

8.73 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter 

Fixed  carbon , 

2.32 
31.80 
50.23 

Ash 

15.65 

Sulphur 

Ultimate: 

Hydrogen 

.79 
4.65 

Carbon 

70.94 

Nitrogen 

1.19 

Oxygen 

6.  39 

Ash .... 

16.02 

Sulphur 

.81 

Calorific  value  (as  received): 

Determined 

lealo 

IB.  t. 

fcaloi 

"ies. . 

u... 
"ies . . 

u... 

7. 239 

i3,o;«) 

G,9tWl 

12,539 

0,974 

12,5,53 

iB.t. 

o  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
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i  Test  387. 


Size  as  ased:  i 

Overl  inch percent..  21.2 

i  Inch  to  1  inch : do....  19.9 

J  to  i  inch do.... I  20.8 

Underjmch do....'  38  1 

Duration  of  test hours. .  10. 07 

Heating  value  of  coal B.  t.  u.  iter  pound  dry  coal. .  12, 721 

Force  of  draft:  I 

Under  stack  damper inch  water. . '  0.  r)8 

Above  Are do  —  .21 

Furnace  temperature °F..  2,371 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour. pounds. .  21. 1 1 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour do 3. 54 

Percentage  of  rated  horsepower  of  boiler  developed *.>9. 13 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. .  7. 0 

Water  evaporated  from  and  at  212*  F. : 

Per  pound  of  coal  as  fired do 8. 19 

Per  pound  of  dry  coal do ■  8. 39 

Per  pound  of  combustible do — |  10. 23 

Efficiency  of  boiler,  including  grate per  cent. .  I  «>i.  09 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. .  3. 45 

Per  electrical  horsepower  hour  do I  4. 26 

Dry  coal:  | 

Per  indicated  horsepower  hour do 3. 37 

Per  electrical  horsepower  hour do I  4. 16 


PBODUCEB-GAS  TEST. 


New  Mexico  No.  5  (run  of  mine). 

Test  120. — Duration  of  test,  45  hours.     Average  electrical  horsepower,  197.2.     Aver- 
age B.  t.  u.  per  cubic  foot  of  gas,  159.6.     Total  coal  fired,  12,500  pounds. 


Coal  contumed  in  producer  per  horsepower  hour  (pounds). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 

EquivaUfU  used  by  producer  plant  (pounds). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  norsepower: 

Commerciallv  available 

Developed  at  engine 


Analyses. 


Coal 

Moisture 1.79 

Volatile  matter 31.32 

Fixed  carbon 51 .  40 

Ash 15.49 

Sulphur 66 


Oas  by  volume. 

Carbon  dioxide  (COi) 8.6 

Carbon  monoxide  (CO) 21.4 

Hydrogen  (Hj) no 

Methane  (CII<) 2.2 

Nitrogen  (Hi) 52. 7 

Ethylene  (CjHO 5 
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WASHISa  ABTB  COSHfQ  TXBTB* 


New  Mexicti  No.  6  (run  of  mine). 


Washing  mi  in1.^v%^  as  used,  cnMfhed  to  2  inches;  jig  used,  Stewart^  raw  coal,  15,000 
pounds i  wiwihed  c*OftJ,  i3p300  pounds;  rtihise,  1,700  pounds, 

VoHng  t€»tM. 


Diimtion  of  t^t . .^^- .,—,—. . -,^— i .4*,* . . .. .^- ..... . houw. ^ 

nwiUhj*T:gf^.. . . ,  *,..,-»-. — -»— , ......,,,^w-i-. ...*.._..  .fioraids. 

€t»kiM"roduccd....................... .,,,.,,.... -,... "■■"Ii);vr(^nt! 

Bwe.w>  produced... .„,....-.,........, .,.. jP^^^^; 


Htumrk^ . — Teftl.  1 4  D :  L  i|ih  t  jjrft  y  t'«  ilt  ir ;  giKMl  hi^ vy  cri"k  v. ;  U  i  ^li  ash .     T«*t  147:  L  i(^i  I 
gmy  aticl  silvery:  ginwl  liriivy  vokv;  ii*ih  rt^luc"*/d  by  washing,  hut  HtUl  high. 


TPfllUtt 

Twt  1*7 

tmw) 

iwj 

to. 

eo. 

fis 

fiO 

lUKiO 

u,m 

7,aio 

7,AS0 

«^«t 

Cft.no 

aao 

280 

2.7i 

zm 

iw.a3 

m.m 

AnatffMes. 


Wofihing 

test  IITT, 

OokingU«tl4fi. 

Coktn^tcwtie 

Coal. 

VnlBi. 

Co#l, 

Coto, 

Volatilf*  mutter., ._..... ..,-.. 

2.72 
3L8A 

14.fi7 

4iS 

4iK7l 
.7* 

1.04 

7ti.  n:t 

20.60 
.Sfl 

42a 

32.25 
M,  7R 
11.7;* 

aw 

.P4 

Fitted  curbon..,. 

Anh ,.....,...„ „„* 

BtllpilllT i.._, - 

,91 

Ml  as 

.76 

Cupola  tfst  of  voice  vuule  from  New  Mexico  No.  5  co(il\washed) . 
CHARGE. 


Coke.o 

Fluid- 
strip 
fulL 

Cupola 
test 
No. 

Test 
No. 

Ratio, 
iron  to 
coke. 

120 

147 

1.91 

7 

Perct. 
99.9 

Materials. 


fCoke 

Pig  iron. 
[Scrap 




Divisio 

ns  of  charge. 

1. 

2. 

3. 

4. 

5. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

220 

r>3 

53 

52 

52 

060 

398 

398 

397 

397 

220 

133 

133 

132 

132 

Total. 


Lbs. 

430 
2,250 

750 


o  Phosphorus  in  coke.  0.001  per  cent. 
RFXOHD  OF  MELT. 


Cupola 

test 
No.     I 


Blast  pressure.  |        Weight  of  iron, 

Iron    I  , 

\fiivi    ^unnin^  .\ddi- 

AiaXJ-         in    - 

mum.      ^"        I 


Melting. 


On  at 


120 '  2.17  p.  m. 


'  Rate 
Poured,  tional  |  Total.  Time.  [    per 


melted.. 


i  hour. 


Oz. 


^fin.       Lbs.        X6.V.       Lbs.      Min.     Lbs. 
10       1,3.54  I         124      1,478  28  I  3,167 


Ratio 
iron  to 
coke, 


4.58 


Loss. 


Rwovered. 

\ 

Iron.  Coke. 


Per  ct.  Lbs. 
7.40    1,300 


Lbs. 
107 
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Cupola  test  of  coke  made  from  New  Mexico  No.  5  coal  (washed) — Continued. 
LADLE  RECORD. 


Test  120. 

I>adle  No. 

Test  120. 

Ladle  No. 

Pounds. 

Time 
(p.  m.). 

Pounds. 

Time 
(p.m.). 

1 : 

93 
50 
57 
107 
99 
43 
83 
92 
95 

2.34 

2.34i 

2.39 

2.39i 

2.40 

2.40i 

2.41 

2.42 

2.43 

10 

99 
96 
•      101 
90 
56 
92 
32 
69 

2.43J 
2.44i 
2.47 

2 

11 

3 

12 

4 

13 

2  48 

5 

14 

2.47 

6 

15 

2.  52i 
2.  .53 

7 

16 

8 

17 

2  55 

9 

Remarks. — Test  120:  Iron  hot  and  fluid. 

OHIO. 
OHIO  NO.  10. 

Bituminous  coal  from  bed  No.  5,  at  Mineral  City,  Tuscarawas 
Coimty,  was  designated  Ohio  No.  10.  The  coal,  as  worked  from 
the  outcrop  at  this  place,  averages  3  feet  5  inches  in  thickness. 

One  sample,  shipped  imder  the  supervision  of  John  W.  Groves, 
consisted  of  lump  coal  over  a  l^-inch  bar  screen,  and  was  used  in 
steaming  test  469  and  producer-gas  test  142. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
3968  was  taken  7,000  feet  southeast  of  the  opening,  where  the  coal 
measured  3  feet  3  inches  in  thickness.  Sample  3969  was  taken 
6,600  feet  southeast  of  the  opening,  where  the  coal  measured  3  feet 
7  inches  in  thickness. 

CHEMICAL   analyses; 

Ohio  No.  10. 


Laboratory  No 

Air-dr3riiig  loss 

Proximate: 

Moisture 

VolatUe  matter. 

Fixed  carbon 

Ash 

Sulphor 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen. 

Ox  ^ 


aS?!?:: 


Bcdphiir. 

Caloriflo  value  determined  (as  received) {s^t^iT' 


Mine  samples. 


1.30 

5.61 
36.25 
49.42 
8.72 
2.89 


1.10 

446 
39.89 
47.11 
8.54 
3.73 


Car 
sample. 


St04im- 

ing  test 

4439. o 


7,136 
12,845 


4059 

2.30 

4  49 

4  10 

40.55 

30.55 

47.43 

47.54 

7.53 

8.81 

2.93 

3.  (iO 

I 


5.68 
60.64 

1.29 
12.93 


I        7,199 
12,958 


5.30 
71.28 
1.32 
9.15 
9.19 
3.76 


a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
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ItBPORT  U,   S.   FtTEL-TESTtNC/  PLANT,  lfMW-7, 


BTHAMIKG   TEST. 
OUio  No.  10. 


Test  4mi. 


Over  I  iTieh,^. *,,_.„.., ,..—,._,,...>,-„,.*..„..,..*..,*.,-,.,,*...-. per  cent.. 

I  Tiich  to  I  iTich ..,. .^i . ,.,,,..,do».- 

I  lot Ji  to  J  iiM'li^.. .,.,.,,,.,, _-,,.-,.,^,^., I. *-,.,.--,♦ ,....^..^_^...*^..d(i*„ 

Utidprl  Irich.,,.,. , .*, ._„iio**» 

AvtTJigif'  tlJjimeier. .,,,..,-*.,...*-.--.-,*..*-*-.*.,..>..*-....•*...• .....^.....tiichwi, 

IJiimtionoJ  t€it. ——..—.- —...... -^„. -..„ ._„„__. lioiij». 

Uciaiifjg  vaJui^  oFoflikl.  ..«,,,^,*,.j^.,,.,^,,,,^^,,,,,^,.,,^,,*t,*|fc- t-O-  p»r pound  dfjcoi^L 
FiiiHH*  ol  iJralt: 

Undtr  Attifk  djimper, ,...,.,,,. ,.,,^ ,,.,„,...*, , ...^ «,^.. .. Jddi  V»t«r, 

Abovp  flro....... .i,...^,-^^*^,w,...,..-,do*,, 

Purtuwt^  tfunptTfitiLiPP ^^ .,.._  „ , . . . , ............  ^ .  ^ .  .^ .*P, 

Dt^^  coiil  UftMj  pt^r  sqUsi:ro  ci>ot  of  ip^t<^  surfjieo  pot  hour ......,„  .poundfl. 

Equivalent  u'dier  ^vjipon^itui  per  [M|imre  toot  of  wnU^r-huutii^  surface'  p^r  hour dd . . . 

Pfi^?i.^iitfi.gp  of  mUnl  hcjraopow<?r  of  hoil&r  developed. .,. .  .^ ,,,...,^..*,.. *»,.. 

W n U.' r  j^-p[)u rtm tl V & vupomt^^d  pL< r po uti d  of  t-oulaii fLteii ....... Mpcmndfl. 

WtiU*r^^v(ipomte'd  from  a.tid  iit  21 2*^  F,: 

Vvt  poLind  of  eodl  m^^ftrtd^ ,..,  ..-„,..♦..„„ , ..^.....-.......^.^.lio,** 

l*'yr  pound  of  dry  eoaJ.  r. *. ......... 4.,...i,«^t-,.t.-.-i^--^.-.->-dDk.. 

\\kr  potuid  of  comljust.i bid. . .,_„.,» .. . , . . * ..^ . . . ^. ** . . . .^.^ * . . ^..do» » ♦ 

.K*0*k>(KT  of  boilor,  iudiidUiij  ^rate, ....-.,.. ;.. .pwrcwit- 
CoKl  iis  fi  red  ^ 

P*^r  iridjcat4.*d  horsepower  boor, -^ .,. ,,_-., polfodBn, 

I'V^r^lMjtrical  horsepower  hour.  ..^,,_, ^,_, ..._..*.....*,.,..,.#^.(>,,..^...do**. 

Perlndicaledhoreepowiirhoqr...  ..,...,,.»*,.».***„.,.,,.... „,h-.-*-.^..,^„. ,.dt>-  — 
fter  elBctTlc&l  hor^power  hour , . .  -.^  ^^., .  ..,.^«i.,i  .k^...*-«^^^-......^.*> 


O.l 

I.W 

10.03 

urn 
22,  m 

tl7.  4H 


PEOBUCEE^GAS   TEST. 
Ohio  Ko.  10  (lump). 


Test  142. — Size  as  used:  Over  1  inch,  64  per  cent;  i  inch  to  1  inch,  17  per  cent;  } 
inch  to  i  inch,  8  per  cent;  under  i  inch,  11  per  cent.  Duration  of  test,  5()  hours. 
Average  electrical  horsepower,  199.0.  Average  B.  t.  u.  per  cubic  foot  of  gas,  105. (>. 
Total  coal  fired,  12,650  pounds. 


Coal  as    J.  ,  I     Corn- 

fired.      *'^^  ^°^'-  bustiblc. 


Coal  consumed  in  producer  per  horsepower  hour  {pounds) . 

Per  electrical  horsepower: 

Commercially  available 

Developed  a£  switch  board 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine ; 

Equivalent  used  by  producer  plant  (pound.f). 

Per  electrical  horsepower: 

Commercially  availaV)lo 

Dcivoloped  at  switch  board 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


1.15 
1.11 


.98 
.94 


1.22 
1.18 


l.(>4 
1.00 


Analysts. 


Coal. 


Moisture 4. 05 

V^olatilo  matter 39.  28 

Fixed  carbon 47.  75 

Ash H.  92 

Sulphur 3.  02 


Gas  by  volume. 


Carbon  dioxide  (CO2) 9.  4 

Carbon  monoxide  (CO) 20.  7 

II  vdrogon  (Tls) 14.  2 

Methane  (CH4) 2.  r, 

Nitrog(Mi  (N2) 52.  rt 

Ethylene  (Calli) 6 
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OHIO   NO.   11. 

Bituminous  coal  from  bed  No.  8  at  Flushing,  Belmont  County,  on 
the  Baltimore  and  Ohio  Railroad,  was  designated  Ohio  No.  11.  The 
coal,  as  worked  at  a  depth  of  89  feet  at  this  place,  averages  4  feet  10 
inches  in  thickness. 

One  sample,  shipped  under  the  supervision  of  John  W.  Groves, 
consisted  of  lump  coal  over  a  IJ-inch  screen  and  was  used  in  steaming 
tests  474  and  475  and  producer-gas  test  145. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  3985 
was  taken  2,000  feet  west  of  the  shaft,  where  the  coal  measured  4 
feet  8i  inches  in  thickness.  Sample  3986  was  taken  1,500  feet  south- 
west of  the  shaft,  where  the  coal  measured  5  feet  1  inch  in  tliickness. 

CHEMICAL   ANALYSES. 

Ohio  No.  11. 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon . . . 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Ash 

Sulphur 


Calorific  value  determined  (as  received) . .  { if^?^\^^ " 


Mine  samples. 


3985 
1.70 

3.96 
38.09 
48.91 
9.04 
4.2.5 


3986 
1.90 

4  13 
39.22 
4a  69 
7.96 
4.12 


Car 

snmplo. 


4157 

i.m 

3.44 
3t\.  04 
47.58 
12.94 

4  32 

4  81 
66.64 

1.17 
10.12 


7.271 
13.088 


6,826 
12,287 


Steaming  tcsts.a 
474.  475. 


a  56 
37.86 
47. 91 
10.67 

403 

4  74 
71.23 

1.25 

7.54 
11.06 

4  18 


.1  53 
37. ;« 
47.92 
11.22 

.'■).  24 

■     4<i3 

69.  70 

1.22 

7.39 

11.63 

5.  43 


a  Proximate  analysis  of  fuel  as  fired:  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 

STEAMING   TESTS. 

Ohio  No.  11. 


Size  as  used: 

Over  1  inch per  cent. 

h  inch  to  1  inch do. . . 

}  inch  to  i  inch ; do... 

Under  ^inch do... 

Average  diameter inches. 

Duration  of  test hours 

Heating  value  of  coal B.  t.  u.  per  pound  dry  coal. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do... 

Furnace  temperature °V. 

Drv-  coal  used  per  square  foot  of  grate  .surfju-o  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  wutor-hoatinj^  siirfaoo  p<>r  hour, 

pounds 

Percent^e  of  rated  horsepower  of  Ijoilor  dovciopod 

Water  apparently  evaporated  per  pound  of  coal  as  firod i)oun(ls. 

Water  evaporated  from  and  at  212*  F.: 

Per  pound  of  coal  as  fired do — 

Per  pound  of  dry  csoal do. . . 

Per  pound  of  combustible do. . . 

Efficiency  ol  boiler,  including  grate per  cent. 


Pest  474. 

Test  475. 

65.7 

71.7 

16.8 

12.9 

7.6 

«').  7 

9.9 

K7 

L72 

2.  06 

9.23 

9.  28 

13,115 

12.S«»0 

0.78 

0.77 

.20 

.19 

2.748 

2,.S«.>3 

20.  84 

20.  r.7 

3.  (\r, 

3.  {a; 

102.  4 

102.5 

7.04 

7.  OS 

8.47 

Kr„ 

8.79 

8.86 

10.14 

10.  21 

64  72 

6ti.3K 

w 
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STEAMIHa  raSTS— Oontmued. 
Ohiu  No.  11. 


F«r  indicated  hors^-^ivcr  hour,.* .._,,„,„.._.-,>,_,.,,. poiinrle^ 

Per  eiflcthcal  horsepower  hour, . .  *  *  ^ .  *,,^,^ . . .  *_-  .*,,*  _*,^_,. do. . . . 

Dry  coflJ: 

Ptr  indic^te^l  horsepower  hour ,..,,,.,»♦,*,.*,»,,♦,,,  ^  ^. .do. . . . 

For  oltsctrical  horsfipowerhour..^ ^»«...^.r>>>*->->^>>* ^, ,*,.«. do.., , 


T«at47& 


a  31 
4»i 


a  19 

a»4 


FEODUCER-GAS  TEST. 

Ohio  No.  11  (lurap). 

TeM  l4S.-^hf*.  BB  iiflc^d,  over  1  inch,  tifi  per  cent.-  }  inch  to  1  inch*  14  p^^r  cent.;  J 
inch  to  J  inch,  7  per  cent.  Under  J  inch^  IS  per  cent.  Dnrotion  of  testt  SO  hour?i» 
Average  electrical  horsei>ower,  109.-5.  Avemge  B.  t.  u.  per  cubic  foot  of  gas,  165.200. 
Total  coal  fijtd,  13,850  pounda. 


flnd. 

^. 

Com- 
buttlble. 

110 
1.^ 

1.31 
L1& 

1.23 
LIS 

1.10 
LH 

L03 

1.49 

L.<iU 

1.30 
1.2i 

L2G 

L27 
L23 

LtO 

Per  electrical  horwpower: 

CoiumerdaJJy  flvftilflbk .... .,, ..,...,,,, 

D(!Telop«d  al  BwllctibOBrd,  _, , , . . . , ..  ^, 

Per  brake  hc^rBcmowor; 

CommerElpJfy  available. . ^ . 

DpvpIojkmJ  at  f^nglne. .........  —  .......».,.......,....„„„. 


Ki}uir;tJ/f  Rf  u^cif  by  produfer  j}iaiii  f  fiound^sr). 


Fer  flTi^trirni  horwpowcrt 
na I II mcTL'i all y  avail abl e . . . . 
Dovfloprd  Ht  swit4>hbtmrcl* 

For  brakp  horwpower: 

Cuituiif^ruiairy  avajlabln.,.. 


^)^eV(?Jop^?d  nl  engine. 


Analysis  of  yas  by  volume.  « 

Carbon  dioxide  (COi) 9. 0 

Carbon  monoxide  (CO) 20.  2 

Hydrogen  ( II j) 15.  3 

Methane  (CHO 2.  7 

Nitrogen  (Nj) 52.  3 

Ethylene  (CjHO- • 0. 5 

OHIO  :N^0.   12. 

Bituminous  coal  from  bed  No.  8,  at  Bellaire,  Belmont  County,  was 
designated  Ohio  No.  12.  The  coal,  as  worked  from  the  outcrop  at 
this  place,  averages  5  feet  5  inches  in  thickness. 

One  sample,  shipped  under  the  supervision  of  K.  M.  Way,  con- 
sisted of  run-of-mine  coal  and  was  used  in  steaming  test  483,  pro- 
ducer-gas tests  146  and  147,  washing  test  193,  and  coking  test  180. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
3987  was  taken  at  a  face  where  the  coal  measured  5  feet  6}  inches  in 
thickness.  Sample  3988  was  taken  at  a  lace  where  the  coal  measured 
5  feet  4 A  inches  in  thickness. 


a  For  analysis  of  fuel  used  see  page  189  (sample  4157). 
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CHEMICAL  ANALYSES. 
Ohio  No.  12. 


Mine  samples. 

Car  samples. 

Steam- 
ing test 
4ki.« 

Laboratory  No 

3987 
1.20 

3.32 
40.80 
49.11 
6.77 
3.55 

3988 
1.10 

3.10 
40.76 
60.11 
6.03 
.T42 

4151 
2.60 

4.14 
39.30 
47.18 
9.38 
3.96 

5.19 
69.58 

1.20 
10.69 

4178 
1.30 

2.97 
37.61 
49.45 
9.97 
3.65 

5.14 

70.21 

1.23 

9.80 

Air-drying  lowi, .,,-,. 

Proximate: 

Moisture 

3  55 

Vnl|itll«niatt«r,  . 

38.35 

Fixed  carbon 

48  37 

Ash 

9  73 

Sulphur 

4.00 

Ultimate: 

Hydrogen 

4  91 

Carbon 

72  32 

Nitrogen 

1.24 

OxvKen 

1 

7  29 

ASr^;::*::::::::::::::::::::::::::::::::::::: 

1 

10.09 

Sulphur 

1 

4.15 

7,152 
12,874 

7,185 
12,933 

Calorific  value  determined  (as  received) .  -Jb    ^  u  "  * 

.    , 

a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 

STEAMINO  TEST. 
Ohio  No.  12. 


Size  as  used: 

Over  1  inch per  cent. . 

}  inch  to  1  inch do 

I  inch  to  }  inch do 

U nder  J  inch do 

Average  diameter inch. . 

Duration  of  test hours. . 

Heating  value  of  coal B.  t.  u.  per  pound  dry  coal. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-hoatlng  surfaco  piT  hour do 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparentlyevaporated  per  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212^  F. : 

Per  pound  of  coal  aa  fired pounds. . 

Per  i>ound  of  dry  coal do — 

Per  i>ound  of  combustible do — 

Efllciency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hom- do — 

Dry  coal: 

P^er  indicated  horsepower  hour poundn. . 

Per  electrical  horsepower  hour do — 


Test  483. 


23.8 
25.7 
20.5 
30.0 
0.72 
9.05 
13,381 

.85 

.21 

22.98 

4.20 

117.6 

7.28 

8.81 
9.14 
10.40 
65. 90 

3.21 
3.96 

3.00 
3.82 


PBODUCEB-OAS  TESTS. 
Ohio  No.  12  (run  of  min(^). 


Sise  as  used: 

Over  1  inch percent..' 

linchtolJnch do.... 

linch  to  i  inch. do... 

Under}  inch do 

Duration  of  test....?. hours.. 

Average  electrical  horaepower 

Average  B.  t.  u.  per  oubio  loot  of  gas • 

Total  coal  find pounds.,  i 


Test  146. 

Test  147. 

62 

52 

21 

18 

10 

11 

7 

19 

34 

.50 

198.8 

198.6 

164.8 

104.6 

10,650 

14,350 

192  REPORT   TJ,   S,    FUED-TESTING   PLANT,  lfXW^7t 

^BOBUCEE-GAS  •TESTS— 0)ii tin uotl. 
Ohii^  No.  12  (run  of  mine). 


C 


Teall^B. 

TDit  U7. 

SI. 

Irustiblo. 

ami. 

Dry 

bUfitlblfi. 

Oitii  c&mmmfa  in  pfo&miT  pet  hont^ 
poif^er  hour  i  ftatinfiAt, 

1  >(n'f »lf>ti«l  iit  » w  ItPhbottrtJ. ,»  «^ .  t . , . . « 
i\n  1  rniBiTiiiil J?  ft vailabtaL , . , . . ,.  ,,»•»•» 

L5a 

LM 

1.77 
1.13 

Ltt           1.44 

r.«3        urn 

L30            LIT 

1.73           LM 
L«4            L47' 

L4e            LSI 

LIB          La» 

LSI 
L4S 

L'J8i 
L@ 

La 
LfiOi 

LiR' 
LV2 

LW 
L3U 

L33 
LIH 

l.M 
L^ 

t^ 
L27 

in 

LttO 
1  06 

Bfuhalmt    wttd    hy    prodatrr    ptani 
ipoanm. 

1  3^ 

DevcLeiped  at  flwltchboartL,,^* ,, 

LSa- 
1  18 

DeTelopai  at  flngifiiet,  *  *.*,.,,•***,,.., 

La 

Anfilifsefi. 


r$*iim. 

T^Bt  147, 

T««ii4a, 

Te«t  HT, 

Coal. 

MoJsUir**. .  . ,.. 

3*W 
37,61 

9,97 

3.S2 
;*7.77 

47.4;.> 

10,99 
;i.39 

CftrbOE  dioxide  f  COi) 

Carbon  moiiojcidt*  (CO). 

UyOrop'iuUit 

MfthiiiP  (VUi) 

e,4 

19.  g 
15.7 
2.S 
5LS 
.4 

0  B 

V'olj.iTlli*  mutlf'T                ... 

19  0 

Fijuit  i  ^urlioTi       ^ ,  ^  ^ , , . 

IS  2 

Aflh.   . ..- 

3.£ 

Sulphar^.. .. ... >. , -X 

fiS  0 

.& 

WASHING  TEST. 

Ohio  No.  12. 

Tc,?^  i.9J. — Duration  of  test,  50  minutes.  Size  as  used,  through  2-inch  screen. 
Jig  used,  Stewart;  speed,  35  r.  p.  m.;  stroke,  6  inches.  Raw  coal,  6.7  tons;  washed 
coal,  5.1  tons,  76  per  cent;  refuse,  1.6  tons,  24  per  cent. 

Analyses. 


Sample  tested. 


Haw  coal,  car  .sainplo. 
Washed  coal,  test  19;L 
Refuse 


Ash. 

Snip 

1 

cent.j 

hur. 

Labora- 
tory No. 

Moisture. 

Per  cent. 

Per  cent 
i.-dnc-     Per 
tion.      i 

Per  cent 
reduc- 
tion. 

4151 

4.14  1          9.3S 
()..S.5  1           ().  19 
5.  7S  1         19.91 

1 

1 
3.96 
'S.m  1 
6.62 

4519 

33 

9 

1 

TESTS — PENNSYLVANIA. 
Float  and  sink  tests. 
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No.  of  test. 


On  raw  coal  (prelimin- 
ary): 

1 

2 


On  refuse  (float): a 

1 

2 

3 

4 


Sizes  as 
used 
(inch). 


Specific 

gravity 

of  solu- 

used. 


Percentage  of 
float. 


To 
refuse. 


— 

1.35 

1.40 

1.45 

1.52 

1.35 

39 

1.41 

57 

1.45 

59 

1.53 

81 

To 
total 
sam- 
ple. 


92 
94 

9.35 
13.29 
14.09 
19.30 


Sink 

(per 

cent). 


Analyses. 


Ash. 


Sulphur. 


Per 
cent. 


Per  cent 
I  duction. 


Per 
cent. 


Per 
cent 
reduc- 
tion. 


23 

5.12 

11 

6.43 

8 

6.78 

6 

7.31 

5.75 
6.42 
9.12 
10.17 


I 


45  '  3. 

32  3. 

28  3. 

22  3. 

...       3. 

4. 
...       5. 

4. 


23  \H 
63  ;  8 
88  ;  2 
98  ' 

67  ' 

04    

26    

97  I 


a  Loss  of  good  coal,  9  per  cent. 

COEINO  TEST. 

Ohio  No.  12  (run  of  mine). 

Test  180. — Size  as  used,  washed,  finely  crushed.  Duration  of  test,  45  hours.  Coal 
charged,  9,270  pounds.  Coke  produced,  5,190  pounds;  55.99  per  cent.  Breeze  pro- 
duced, 223  pounds;  2.41  per  cent.  Total  yield,  58.40  per  cent.  Light  gray,  with  some 
silvery  deposit  of  carbon;  sulphur  high. 

Analyses, 


Coal.   I  Coke. 


Moisture '  5.19 

VolatUe  matter I  39.04 

Fixed  carbon !  48.36 

Ash .* 6.41 

Sulphur 3.63 


0.73 

.51 

87.96 

10.80 

3.08 


PENNSYLVANIA. 
PENNSYIiVANIA  NO.  7.« 


Bituminous  coal  from  a  mine  3  miles  north  of  Ligonier,  Westmore- 
land Coimty,  on  the  Ligonier  Valley  Railroad,  was  designated  '^  Penn- 
sylvania No.  7.'' 

This  sample,  consisting  of  run-of-mine  coal  loaded  under  the  super- 
vision of  J.  S.  Burrows,  was  used  in  making  steaming  test  307. 
♦  — 

o  For  other  terts  of  coal  from  this  mine,  made  during  1905,  see  Bull.  U.  S.  Geol.  Survey  No.  290, 1906, 
pp.  176-178. 
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BEPOET  U.  8,   FUEL-TESTING  PLAlTTj  Ifl 
CHEMICAL  AKALYS£S. 
Pennsylvania  No*  7, 


ProxiJtiAte; 

Vfilattle  flutter, 
FLEedoflTbon... 
Aah -....„ 


teat  307.a 


21.79 
5ft.  78 

3.22 


UlttKMt*: 
Hydrogen 
Clarbojj*.. 
Nitrogen. 

Asa ...... 


Sieamlivg 
t«8t  ^07, a 


437 
Tt4l 

it  17 

2:36 


«  Proximate  luuUj'Bifl  of  fuel  ils  flj^d;  lUtlniato  Analyels  of  dry  fud  flguted  from  c«r  BAmple, 
BTEAUIKG  TEST. 
Pennsylvaiila  Ko.  7  (run  of  luinBt. 


i^Htio?. 


OvHf  I  inch  ,. ...,,„, ,„„.„.,-..,.,.......,...,-,. per ctikt. 

I  inch  to  I  inch.... ...,.,.,.,„..*.. ,,»., ,,„ .„.._,..,...,,,d<i.** 
\mU  toj  liieh...,.^* .., ......,.., „....i ...do..^ 
inderi  Itjeh *.,- „__.....„, .-.„.*.„*,—„.. „.,,,do... 

Durotion  of  tesi.,..,......,, .,_,.  — .,.. bom», 

rieating  va^up  oJ  ooai * *„ . . „ .* .,,..,.,„, .0.  t.  o.  per pMind  dry  co*l. 

Forof3  of  drjfcft: 

Under  stack  diimper*..,,.... , , , „., , luch  watpr. 

Above  fife .,.. ,,..,^-,.,...-^„. ........do*,. 

Furnace  tfoipprfttuiie! .*,*.♦ , . . , , „ . , , , ,*F. 

Dry  cou)  ti  -a'd  per  t^qimrtj  foot  of  gralo  surfaco  per  honr .pounde. 

Eqiiiviileni  watflrpvupomtt'd  pi'f  sqsmrp  foot  of  wu,t<*T^hfrrttJiitf  siirfHw  pur  hour ,do„. 

Fcitxintftg''  of  rutJtnl  horwpowf  r  of  boiJer  developed 

Wat^r  appiirently  evapciraUMJ  prr  poiinil  of  coal  as  flrtd, .  „ _.„...„.„,.,„.  .pounds, 

Wji  U?t  a  vti  fio  1^  tf  d  from  and  a  I  2 1 2*  F . : 

Per  pound  of  coal  as  flt*.*d. -..,...,.,,,,,.... -,,,^.....,-,-.,,,.,-.r--^----~.. „do... 

Per  poiJiut  of  dry  eoaJ , . .  .do . . . 

Per  ponnd  of  eonibijstible „„..,,..,, , , , h  ..,_,.,*,,..., . .  *do , , . 

EfBcioiitv  of  boiler,  including  grate — .per  cent. 

Coai  as  f^ned: 

Per  Indleated  horsepower  hour , pounds. 

Per electrfpal  horwpow er  hour, ., do. , , 

Dry  eoal: 

Per  Indicated  honwpower  hour,  „  _, , ,„,„_,_.,__, ._. . , . . .  _  .do. . , 

Per  electrical  horsepower  hour. . . . , » do. . . 


140 

lAJS 

1^0 
lOtOT 

n,m 

.IS 

16L3G 
3.09 

1,U 

8,7fi 

ILIS 

xm 

3w76 


pk:nts^syl.vania  no.  ii. 

Bituminous  coal  from  the  Pittsburg  bed  at  Charleroi,  Washington 
County,  on  the  Pennsylvania  Railroad,  was  designated  ^^  Pennsylvania 
No.  11."  The  coal,  as  worked  from  the  outcrop  at  this  place,  averages 
5  feet  6  inches  in  thickness. 

One  sample,  shipped  under  the  supervision  of  John  W.  Groves, 
consisted  of  run-of-mine  coal  and  was  used  in  producer-gas  test  129, 
coking  test  150,  and  cupola  tests  148  and  161. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
3421  was  taken  4,000  feet  southwest  of  the  opening,  where  the  coal 
mea^sured  5  feet  5f  inches  in  thickness.  Sample  3422  was  taken 
4,000  feet  northwest  of  the  opening,  where  the  coal  measured  5  feet 
6J  inches  in  thickness. 


TESTS PENNSYLVANIA. 
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CHEMICAL  ANALYSES. 

Pennsylvania  No.  11. 


Mine  samples. 

Car 
sample. 

Mine  samples. 

Car 
sample. 

Laboratory  No 

3421 
1.20 

2.60 
34.65 
57.51 
6.34 
1.14 

3422 
1.30 

2.66 
34.55 
55.94 
6.95 
2.27 

3532 
0.60 

1.95 

34.07 

56.69 

7.29 

1.18 

Ultimate: 

Hydrogen 

Air-drying  loss 

5  13 

Proximate: 

Carbon 

76.86 

Moisture 

Nitrogen 

1  44 

Volatile  matter 

Oxygen 

8.10 

Fixed  carbon 

AsE.. 

Ash 

Sulphur. . 

Sulphur 

Calorific  value  «oiori«« 
determined  ^?"®®' 
(as  received).  ^'^'^^' 

7,860 
14,146 

7,653 
13,775 

PBODUCEB-GAS  TEST. 

Pennsylvania  No.  11  (run  of  mine). 

Test  129. — Duration  of  test,  50  hours.  Average  electrical  horsepower,  170.7.  Average 
B.  t.  u.  per  cubic  foot  of  gas,  146.4.    Total  coal  fired,  12,200  pounds. 


Coal  consumed  in  producer  per  horsepower-hour  (pounds). 

Per  electrical  horsepower: 

Conunercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


EquivcUent  used  by  producer  plant. 


Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard . 

Per  brake  horsepower: 

Conunercially  available 

Developed  at  engine 


Coal  as    D-vpoal   Combus- 


1.53 
1.43 


1.30 
1.22 


1.66 
1.55 


1.41 
1.32 


l.SO 
1.40 


1.27 
1.19 


1.63 
1.52 


1.38 
1.29 


1.39 
1.30 


1.18 
1.10 


1.51 
1.41 


1.28 
1.20 


Analysis  of  gas  by  volume.o^ 


Carbon  dioxide  (COi) 10. 4 

Carbon  monoxide  (CO) 18. 5 

Hydrogen  (Hi) 16.3 

"^ (CHO 2.0 

52.6 

2 

COKING  TEST. 


Methane  (fiUi) . 
Nitrogen  (Nj)... 
Ethylene  (CsHi). 


Pennsylvania  No.  11  (run  of  mine). 

Test  159. — Size  as  used,  raw,  finely  crushed.  Duration  of  test,  41  hours.  Coal 
charged,  12,040  pounds.  Coke  produced,  8,100  pounds;  67.28  per  cent.  Breeze  pro- 
duced, 296  pounds;  2.46  per  cent.  Total  yield,  69.74  per  cent.  Light-gray  color. 
Good  coke. 

Analysis. 


Moisture 

Volatile  matter. . 

Fixed  carbon 

Ash. 

Sulphur 

Phosphorus 


Coke. 


0.52 

.97 

85.02 

13.49 

1.19 


*  For  analyaea  of  fuel  used,  see  above  Csample  SB32!) . 


19« 


RF.p(mT  ir. 


kUT,  1906-7, 


Cuprda  if^ti  ufcohe  made/Tosn  Pennsylvfitiia  No.  It  coal* 

CltABOK. 


^"^-                    !  F..d- 

MAt«nalji. 

DJviaioaJiofdiaTBe, 

No. 

itj- 

1. 

2. 

3. 

1. 

5. 

Tot»L 

161 

lift 

j      1.93 

1 

T  1    07.23 

jrokc 

Hglrtin 

\c^^ 

imimn 

■ 

ma 

550 

531) 

550 

70 
530 

Lht. 
S7 

eao 

70 
530 

57 

A50 
70 

S3m 

3.000 
500 

a.ooo 

HttCORD  nr  MELT. 


Cupola 

BUiiC  ptwwuf*. 

Imn 

Wtiight  of  iron. 

MeltJug. 

Un*t- 

Inula 

nixig 

Poured. 

Addl- 

T<iUL. 

RAte 

Tlinfi.     per 

hour. 

RatlQ 
Iron  to 

LCHI«.| 

Iron* 

Coke. 

143 

a.Og  p.  m~ 
l.S8p.m, 

T 

Min. 

10 

lb: 
2.054 

27« 
.M2 

l.OH 
2,5»fl 

mn.  ^  £,&r, 
34    3,a7S 
28    s^.-wa 

&12 

140 

Lht. 
M7 
272 

Irbff. 

71 
76 

LADLE  RECORD, 


TW8t  113. 

T«tlM. 

1 

I^dl«No. 

Twtlia. 

TMtim. 

LudlftNa 

Tbne 
{p.nj.> 

Toundfl. 

Time 
CP  mo 

Pofmdt, 

Ttow 
(p.  in.) 

FoUDdA. 

lime 

i, , 

90 
90 
101 
t7 
fl3 

S7 
50 
102 

3.22 
3.24 
3.36 
3.37 
3.32 
3.32i 

^?:< 

3.3S 
3.351 
3.36 

no 
m 

68 
73 

m 

137 
70 

m 

2,12 
2. 13  1 
3.1fi 
2. 1% 
2,17 

2.za 

2.22i 
2.23 

2,aai' 

2.24 

I3-, 

14 

15....... 

itt 

17. 

18 

19....... 

20 

m 
m 

S5 

pa 

7« 
28 

3.ag 

3.43 

3,4? 
3.48 

3.52 

73 
G4 

SO 
132 
«6 
Q4 
134 
51 
S3 
90 
37 

2,36 

3 ,. 

2. 28 

4„, 

?S» 

& _  _ 

130 

# ..:, 

7 ..., 

2.304 

2,31 

S 

2.33 

9 

21 

3,334 
2.U 

10 _  . 

^ 

11, .__..., 

23....... 

3.36 

ia„.-,.-. 

SILICON.  MANGANESE,  ETC. 


Cupola 
test 
No. 


Materials. 


I  Fig  iron 
Moltod  iron: 
.\  mount 

or  loss. 


\  .AIIUUIIll 

Gain  or 
ICoke 


Pie  iron. 
Mmod  iron: 

Amount 

Gain  or  loss. 
Coke 


Amount  i 

used 
(pounds) 


Silicon. 


Per 
cent. 


Pounds. 


Manganese. 


Sulphur. 


Per 
cent. 


Pounds. 


Per 
cent. 


Pounds. 


Content 
of  coke 
combined 
with  iron 
melted 

(per 
cent). 


40.  58       0. 178 


1.  S.'i 
-  12.  74 


;^j.  41 
-   5.  17  ■ 


.111 
•37.  Ul 


3.407 


2.  124 
-1.283 


2.  10 

1.74 
-  17. 15 

54.  52 

45.  17 
-   9.55 

.1(V3 

.  113 
-  30.  fvS 

4.  231 

2.933 
- 1.  298 

1 

.070, 

-   .011 

1.19  I 


.113 

+  .015 

1.19  I 


I 
1.1*293  I 

1.  3398  1 
4-  .2105 
4.3554) 
2. 5441 

2.9335 

+  .3894 

5.1408 


4.83 


Remarks. — Test  143:  Pig  in^ii  used  from  car  27633.     Iron  hot.     Test  161:  Pig  iruu 
used  from  car  131943.     Iron  cold. 
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PENNSYIiVAlSriA  NO.  12. 

Bituminous  coal  from  the  Pittsburg  bed  at  Acheson,  Washington 
County,  on  the  Baltimore  and  Ohio  Railroad,  was  designated  Penn- 
sylvania No.  12.  The  coal,  as  worked  from  the  outcrop  at  this  place, 
averages  5  feet  1  inch  in  thickness. 

One  sample,  shipped  under  the  supervision  of  John  W.  Groves, 
consisting  of  run-of-mine  coal,  was  used  in  producer-gas  test  143, 
washing  test  179,  coking  tests  161  and  162,  and  cupola  tests  145,  146, 
151,  152,  153,  and  154. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  3441 
was  taken  1,1 00  feet  west  of  the  opening,  where  the  coal  measured  5  feet 
3 J  inches  in  thickness.  Sample  3442  was  taken  1,600  feet  southwest 
of  the  opening,  where  the  coal  measured  4  feet  1 1  inches  in  thickness. 

CHEMICAL  ANALYSES. 


Pennsylvania  No. 

12  (run  of  mine). 

'    Car 

Mine  samples,  i   sam- 

!    pie. 

I 

Mine  samples. 

Car 

sam- 
ple. 

Laboratory  No 

3441 
1.40 

2.60 

32.46 

69.31 

5.63 

1.19 

3442         4098 
2.00  :      0.70 

1 

Ultimate: 

Hydrogen 

Aii'-drying'^l""fl 

4.81 

Proximate: 

3.21 

32.27 

58.64 

5.88 

1.22 

.   1.96 
30.55 
58.24 
9.25 
2.19 

Carbon 



74.37 

Moisture 

Nitrogen 



1.45 

Volatile  matter 

Oxygen 

7.93 

Fixed  carbon 

Calorific  value]     .^ 
determined  ^7Vf^- 
(as  received)  »•^•"-■-■ 

7.880 
14,184 

Ash 

7.568 

Sulptiur 

13,622 

PBODUCEB-OAS  TEST. 

Pennsylvania  No.  12  (run  of  mine). 
Test  14S, — Size  as  used:  Over  1  inch,  20  per  cent;  J  to  1  inch,  17  per  cent;  J  inch  to 
i  inch^  18  per  cent;  under  J  inch,  45  per  cent.     Duration  of  test,  28  hours.    Average 
electrical  horsepower,  195.3.    Average  B.  t.  u.  per  cubic  foot  of  gas,  147.5.     Total  coal 
fired,  6,100  pounds. 


Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard . 

Per  brake  horsepower: 
Ck>mmercia 


orsepo^ 

fcially  available. 
Developed  at  engine 


Eqnivalenl  used  by  producer  plant  (.pounds). 


Per  electrical  horsepolrer: 

Commercially  available 

Devdoped  at  switchboard. 

Per  brake  horsepower: 
Commercialfv  available. 
Developed  at 


Carbon  dioxide  (COs) . . . 
Carbon  monoxide  (CO)  . 


Analysis  of  gas  by  volume. o^ 


"^fl^i"  pry  coal. 


Hydrogen  (Ht). 
Methane  (CHO.. 


Nitrogen  (Ni).,. 
Ethylene  (W«). 


I  Combus- 
I     tible. 


Coal  coruumed  tn  producer  per  horsepower  Ifbur  {pounds) . 


1.16 
1.12 

1.14 
1.09 

1.03 
.99 

.99 

.97 
.93 

.88 
.84 

1.28 
1.23 

1.26 
1.21 

1.14 
1.09 

1.09 

i.a5 

1.07 
1.03 

.97 
.93 

10.8 
16.6 
14.9 
2.4 
54.8 


aForaDAJysia  ottuel  used  see  above  (sample  4K]^V 
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REPOET   U.    a.    FUEL- TESTING   PLAHT,   11W6-7. 


WASHIHQ  AKB  GOKIKG  TESTS. 

P(^mii^ylvunm  N\>.  12  (run  oi  miiiyji 
Washing  test  I79.Size  a*  umd^  2-iDcb,     Jig  used,  Stewart.     Raw  coal,  21,200 
poujitls.     Washed  coalt  16,900  pounds:  80  per  feut.     Refuse,  4,300  pounds:  20  per 
cent. 


Si£«  abused , ..„-_. ,„„..,.,-,-,.,--...,,,,, 

Duration  of  l6at„_ , ..._..„... -...„„....-».„.,..,„,..„-boiiW.* 

Coal  chargied., »_  — „ . ., , .„.poundB.^ 

Coke  produced,, ._.„...... -     U^^i:: 

Bree^.prpdu«^ |^ 

ToUl  yield. ....._...-,..„ do..,. 


Teat  161     T«at  lea 


47 
7.885 

ekes 

as.  17 


12,  MO 

Z&7 
2.12 
08.  M 


ifewMiria.^Test  Itn :  Light  gray  and  silvery:  fair  coke.    Test  162:  Light  gray  and 
^  silvery;  good  coke.    Ash  and  sulphur  rpduw^d  hy  washing. 


jlnal^^es. 


WnshiEg  tc«t  ITS. 

Coklug  teat  16L 

Cokmg 

test  laa. 

Raw 

WaahHl 
coal. 

Coal, 

Coke. 

COAl. 

^0^ 

Hd^ture.                       ,    .    -...,.-».. 

fift.2€ 

4.63 

2,«S 
3L28 

caTO 

ao9 

.20 
1.M 

4.51) 
57.tiO 

(t5^ 

Volatllp  matter. ^ . , , - ., 

1.28 

Flxetl  cftf twrn , , „ ^ ,,,,,„,, _ 

80,13 

A*h ..„ „. 

1.39 

0.07 

SuJpMr .  ,.,„._.-„„„.  .......,...*„ 

1. 11 

Phos|ihoruH.   .   ..^.....^ . .^.... 

.01S4 

.0087 

Cupola  te^ts  of  coke  made  from  Pennsylvania  No.  IJ  coal. 
CHARGE. 


Cupola 
test 
No. 


14<> 
151 
152 
153 

154 


Coke. 


T««t     Specific  Ratio 
^^^^      grav-    iron  to 
ity.     I  coke. 


No. 


162  (w.) 

ini 

IGl 
162  (w.) 
162  (w.) 


1.97 
1.95 
1.97 
1.97 
1.95 
1.95 


MateriaLs. 


/Coke 

\Pig  iron. 

Coke 

Pig  iroiv 
'Coke 

Pig  iron. 

Coke 

Pig  iron. 

Coke.... 

Pig  iron. 

Coke.... 

Pig  iron. 


Divis 

J 

o 

Lbs. 

Lbs. 

210 

5.5 

840 

.540 

210 

55 

840 

540 

220 

70 

880 

.530 

200 

44 

800 

.550 

210 

73 

840 

540 

220 

38| 

sso 

5:^0 

Division.s  of  charge. 
3.  4. 


Lbs. 

55 
540 

55  I 
540 

70  I 
530 

44 
.550 

73  I 
540 

m 

.530  I 


Lbs. 

,55 
,540 

,55  ! 
540  I 

70 
.530 

44 
550 

72 
540 

38J 
530 


Lbs. 

.55 
540 

,55 
540 

70 
.530 

43 
5,50 

72 
540 

38? 
5.30 


Lbs. 

430 
3.000 

430 
:?.000 

,W0 
3,000 

375 
3,000 

500 
3,000 

375 
3,000 


RECORD  OF  MELT. 


Blast  pressun\ 

Iron 
run- 
ning 
in 

Weight  of  iron. 

Melting. 

R»x?o^ 

•ered. 

Cupola 

— ^ 





test 
No. 

Onat- 

Maxi- 
mum. 

Pour^'d 

Addi- 
tional 
melted. 

Total. 

Time. 

Rate    Ratio 

per     iron  to 

hour.  I  coke. 

Loss. 

Iron. 

Coke. 

Oz. 

Mill. 

Lbs. 

Lbs. 

Lbs. 

^fin. 

Lbs. 

Per  ct. 

Lbs. 

Lbs. 

145 

3.13  p.  m. 

7 

11 

1,439 

1,139 

2,578 

41 

7.031  1     7.41 

9.17 

147 

82 

146 

11.14  a.  m. 

7 

12 

1.831 

205 

2.036 

34 

3,5^)0       6.08 

4.07 

812 

S5 

151 

3.29  p.  m. 

7 

11 

2,382 

2.56 

2.638 

;i5 

4.522       6.26 

.5.03 

211 

79 

152 

10.39  a.  m. 

7 

8 

1.841 

450 

2,291 

33 

4.  Km       7. 61 

4.10 

586 

74 

153 

2.56  p.  m. 

7 

11 

2,  a52 

120 

2,  472 

'M\ 

3.917  1     .5.91) 

4.66 

m, 

85 

IM^ 

10.57  a.  m. 

7  1 

U 

2,162 

^ 

2,517 

31 

4,872       8.50 

5.80 

309 

79 

TESTS — PENNSYIiVANU. 
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Cupola  teats  of  coke  made  from  Pennsylvania  No.  12  coal — Continued. 

LADLE  RECORD. 


Test  146.     j      Test  146.     |      Test  151. 

Test  152. 

Test  153. 

Test  154. 

Ladle  No. 

Lbs. 

Time 
(p.m.). 

Lbs. 

Time 
(a.m.). 

Lbs. 

Time 
(p.m.). 

Lbs. 

Time 
(a.m.;. 

Lbs. 

Time 
(p.m.). 

Lbs. 

92 
133 
78 
122 
93 
93 
93 
135 
95 
109 
101 
73 
86 
113 
73 
93 
118 
73 
100 
114 
70 
88 
17 

Time 
(a.m.:). 

1 

106 
112 
103 

91 
100 

97 

3.32 
3.32i 
3.35 
3.35J 
3.36 
3.37 
3.38 
3.38i 

3.52 

3.52^ 

3.59 

4.00 

4.01 

4.02 

4.04 

4.04} 

4.05 

100 
97 
100 
101 
88 
110 
60 
151 
111 
112 
103 
163 
95 
96 
114 
89 
60 
72 

•  1L30 
11.32 
n.33 
11.34 
11.38 
11.38i 
11.39 
11.42 
n.42i 
11.43 
n.48 
11.48i 

n.55 

n.55i 

1L56 
n.58 
12.00 

55 
96 
55 
94 
103 
96 
90 
101 
105 
77 
107 
145 
106 
100 
99 
117 
83 
76 
107 
105 
109 
71 
108 
109 
66 

3.43 
3.46 
3.46} 

3.49} 

3.50 

3.53 

3.53} 

3.54 

3.59 

3.59} 

4.00 

4.00} 

4.01 

4.03 

4.03} 

4.04 

4.06 

4.06} 

4.09 

4.10 

4.10} 

4.11 

4.11} 

4.15 

97 
96 
110 
91 
95 
101 
112 
118 
100 
107 
106 
89 
104 
107 
105 
110 
111 
57 
25 

10.53 

10.59 

10.59} 

11.00 

11.04 

11.04} 

11.05 

11.05} 

n.07 

11.07} 

11.08 

11.10 

11. 10} 

11.11 

11.14 

11.14} 

n.i5 
n.i9 

11.20 

95 
29 
97 
95 
108 
108 
108 
102 
108 
112 
99 
100 
100 
101 
100 
115 
90 
99 
109 
85 
98 
102 
103 

3.11 

3.11} 

3.14 

3.14i 

3.18 

3.18} 

3.19 

3.23 

3.23} 

3.24 

3.25 

3.25} 

3.26 

3.29 

3.29} 

3.30 

3.32 

3.34 

3.34} 

3.35 

3.40 

3.40} 

.^41 

11.15 

2 

11.15} 

3 

11.16 

4 

11.  If)} 

5  . 

11. 19 

6 

11.19} 

7      . 

89 

11.20 

» 

87 
106 
59 
50 
68 
72 
82 
65 
59 
70 
23 

11.22 

9 

11.22} 
11.23 

10 

11                    

11.25 

12 

11.25} 
11.20 

13                     .   . 

14 

11.28 

15                     .   . 

11.28} 
11.29 

16 

17 

11.31 

18 

11.31} 
11.32 

19                 ... 

20 



11.35 

21 

('   '" 

1 

11.35} 
11. 3« 

22 

' 

23 

1 

1 

11.37 

24 

1 

80        3.43 

25 

i 

1 

1 

1 

SILICON,  MANGANESE,  ETC. 


Cupola 
test 
No. 


145 


151 


152 


153 


154 


Materials. 


Pig  iron 

Melted  iron: 

Amount 

Gain  or  loss.. 

Coke 

Pig  iron 

Melted  iron: 

Amount 

Gain  or  loss.. 

Coke 

Pig  iron 

Melted  iron: 

Amount 

Gain  or  loss. . 

Coke 

Pig  iron 

Melted  iron: 

Amount 

Gain  or  loss. . 

Coke 

Pig  iron 

Melted  iron: 

Amount 

Gain  or  loss.. 

Coke 

Pig  iron 

Melted  iron: 

Amount 

Gain  or  loss. . 
[Coke 


Amount 

used 
(pounds) 


429 


423 


SiUcon. 


Per 
cent. 


1.89 
-10.85 


2.12 


1.84 
-ia21 


1.91 
9.90 


2.12 


1.86 
-12.28 


1.78 
-16.05 


2.12 


1.81 
-14.62 


Pounds. 


48.72 
-5.93 


4a  16 


37.46 
-  5.  70 


50.39 
-  5. 54 


48.57 


42.61 
-5.96 


44  00 
—8.41 


sase 


45.56 
—7.80 


Manganese. 


Per 
cent. 


0.178 


.133 
-25.28 


Pounds. 


.178 


.141 
-20.78 


4.589 


3,429 
-1.160 


a  624 


2.871 
—.753 


.123  i 
-30.90  I 


a  245 
-1.451 


.178  I 


.130  I 
-26.97  I 


4.078 


2.978 
-1.100 


.218 
-28.09 


.178 


.130 
-2a  59 


a  164 
-1.236 


4.480 


a  423 
-1.057 


Sulphur. 


Per 
cent. 


0.059 


+  .010 
1.66 
.059 

.080 

+  .021 

1.11 

.059 

.078 

+  .019 

1.66 

.a59 

.070 

+  .011 

1.66 

.059 


.074 

+  .016 

1.11 


Pounds. 


Content 
of  coke 
combined 
with  iron 
melted 
(per  ct.) 


1. 5216 

1.7788 

+   .2572 

5.9096 

1.2012 

L6288 

+   .4276 

a  8184 

1.5564 

2.0576 

+  .5012 

8.  4414 

1.3517 

1.6037 

+   .2520 

5.1128 

1.4585 

2. 1754 

+    .7169 

4.69.53 

1.4850 

1.8626 

+   .3776 

a  3744 


4. :« 


15.27 


11.13 


Remarks. — Pig  iron  used  from  car  27633.  Test  145:  Iron  hot.  Blast  off  19  min- 
utes; melting  too  fast  to  handle.  Tests  146,  151,  152,  and  153:  Iron  hot.  Test  151: 
Temperature  of  iron  medium. 


EEPORT  U,   S,   FUEL-TESTIKG  PLANT,  1906-7. 


Bituminous  coal  from  the  Freeport  bed  at  Creight'On,  Allegheny 
County,  on  the  Pennsylvania  Railroatl,  was  designatpd  Pennsylvania 
No.  13.  The  coalj  as  worked  from  the  outcrop  at  this  place^  aver- 
ages 5  feet  10  inches  in  thickness. 

One  sample,  shipped  under  the  supervision  of  Jolm  W.  Groves, 
consisted  of  nin-of-mine  coal  and  was  used  in  producer-gas  tests 
136  and  140, 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
3437  was  taken  4,S00  feet  northwest  of  the  opening,  where  the  coal 
measured  6  feet  1  inch  in  thickness.  Sample  3438  was  taken  5,500 
feet  northwest  of  the  opening,  where  the  coal  measured  5  feet  8 
inches  in  thickness. 

CHEKICAL   AI7ALYSES. 

Pennsylvania  No.  i;i 


Air-drying  Iobb ^  - 

Proxlmat* : 

Volatile  matluF 
Fifed  i?&Tban_. 

jL9h. ,.. 

Sulpbar.. 


MlD*^  AflJUpiBH, 


3m 

343g  ; 

LOO 

i.ao' 

1^3 

aoa 

3199 

34.  QQ 

bi,m 

S$.S2 

»,W 

7,£3 

^21 

urn 

Car 
sample, 

L40 

166 
33.02 
SLIT 
13.16 

2.18 


UltlmMe^: 

Carbon ._..,„.., 

NttnJB^n , ....,, 

OrfgiBii.....  „.,....,' 
Calorlrfe   value  l-gjo-ieg 
d*termlnpcj  i^  ?  ,f' 


Mine  sojnple^. 


Car 


13,ao0 


TJ30 


PBODUCEB-OAS  TESTS. 

Pennpylvania  No.  13  (run  of  mine). 


Test  13C.  '  Test  140. 


Size  as  used: 

Over  1  inch per  cent 

i  inch  to  1  inch do.. 

I  inch  to  i  inch do.. 

Under  J  inch do . . 

Duration  of  test hours 

Average  electrical  horsepower 

Average  B.  t.  u.  per  cubic  foot  of  gas 

Total  coal  fired pounds 


t.. 

55 

49 

15 

24 

8 

12 

12 

15 

50 

50 

193.2 
153.0 
12,600 

196.5 

144.9 

11.750 

Test  136. 


Coal  as 
fired. 


Dry  coal. 


Combus- 
tible.    ; 


Coal  as 
fired. 


Test  140. 


T-k.,.  ^^r.  I    Combus- 
Drycoal.      ^j^j^ 


Coal  consumed  in  producer  per  horse- 
power hour  (pounds). 

Per  electrical  horsepower: 

Commercially  available 1 . .% 

Developed  at  switch])oard 1 .  30 

Per  brake  norsepower: 

Commercially  available 1.  IG 

Developed  al  engine 1.11 

Equivalent  used  by  producer  plant 
(pounds). 

Per  electrical  horsepower: 

Commercially  available 1 .  49 

Developed  at  switchboard 1 .  42 

Per  brake  norsepower: 

Commercially  available 1 .  20 

Developed  at  engine 1.21 


1.33 

1.15 

1.25 

1.23 

1.27 

1.10 

1.20 

1.18 

1.13 

.98 

1.06 

1.04 

1.08 

.93 

1.02 

1.00 

1.45  i 

1.25 

1.3t) 

1 
1.34 

1.3S 

1.20 

1..30 

1.28 

1.23 

1.06 

1.16 

1.14 

1.18 

1.02 

1.10 

1.09  1 

:.08 

1.03 


.92 

.08 


1.19 
1.12 


1.00 
.95 


TESTS — PENNSYLVANIA. 
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. 

Test  136. 

Test  140. 

Test  136. 

Test  140. 

Coal. 
Moistnre 

2.d6 
33.02 
51.17 
13.16 

2.16 

1.65 
33.06 
53.22 
12.07 

1.80 

Oa8  by  volume. 

Carbon  dioxide  (COj) 

Carbon  monoxide  (CO) 

Hydrogen  (Ha) 

14.9 

2.4 

54.0 

.5 

11  1 

Volatile  matter 

11  5 

Fixed  carbon 

12  6 

Ash 

Methane  (CH*) 

2  1 

Sulphur 

Nitrogen  (Na) 

57  1 

Ethylene  (CjHO 

.6 

PENNSYIiVANIA  NO.  15. 

Bituminoiis  coal  from  the  ''Miller"  or  B  bed  at  Wehrum,  Indiana 
County,  on  the  Pennsylvania  Railroad,  was  designated  Pennsylvania 
No.  15.  The  coal,  as  worked  at  a  depth  of  187  feet  at  this  place, 
averages  3  feet  10  inches  in  thickness. 

One  sample,  shipped  under  the  supervision  of  John  W.  Groves, 
consisted  of  run-of-mine  coal,  and  was  used  in  steaming  tests  467 
(on  briquets),  472,  and  473;  producer-gas  test  144;  washing  test 
188;  coking  tests  185  and  188;  and  briquetting  tests  176  and  184f 
(mixed  with  Rhode  Island  No.  1,  see  p.  223). 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  4026 
was  taken  2,000  feet  northeast  of  the  shaft,  where  the  coal  measured 
4  feet  2}  inches  in  thickness.  Sample  4027  was  taken  1,900  feet 
southwest  of  the  shaft,  where  the  coal  measured  3  feet  6  inches  in 
thickness. 

CHEMICAL  ANALYSES. 

Pennsylvania  No.  15. 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

aST;;:;::::::::::::::::::: 

Sulphur 

Calorific    value    deter-/o&lories. 
mined  (as  reoeiTed)..\B.  t.  u.. 


Mine  samples. 


4026 
3.30 

3.83 
19.03 
67.89 
9.25 
4.57 


4027 
2.40 

2.84 
17.47 
71.42 
8.27 
3.11 


7,821 
14,079 


Car  samples. 


4062 
2.80 

3.13 
17.61 
69.45 
9.81 
3.77 


7.664 
13, 795 


4104 
2.10 

2.57 
18.09 
69.01 
10.33 

3.97 


4.62  4.43 

76.41  I  75.89 

1.14:  1.16 

4.25  4.22 


7,618 
13,712 


Steaming  tests.a 
472. 


473. 


1.88 
17.60 
69.06 
11.46 


5.37  I 

4.13  I 
75.63 

1.15  i 

1.94  I 
11.68  ! 

6.47  I 


2.45 
17.55 
70.66 
9.44 
3.87 

4.31 
78.83 
1.21 
2.00 
9.68 
3.97 


Briquet- 
ting  test 
467.     I     184t.fe 


3.90 

23.35 

64.65 

8.10 

3.11 

4.35 
7a  71 
1.09 
4.18 
8.43 
3.24 


4913 


0.74 
15.96 
69.71 
13.59 

2.61 

3.05 

77.48 

.49 

2.65 
13. 70 

2.&3 


o  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  samplo. 
^Fzozixnste  analyaiB  of  fuel  as  zeoeived;  ultimate  analysis  on  dry  basis. 


r 


S02 


REPOET  V-   S,    FUEL-TESTING   PLANT,  190e-7t 


STEAMING  TESTS. 
Pemmylvania  No.  15  (rim  of  name)* 


r 


Bixs  aa  used: 

OvftT  I  Inch,. ,.-...,.,.,..„,„,„,.,,,, .perwnt. 

4  inch  to  1  Inch ..,,*.*-*,.,*...*._^*---.,^,.,^„.. .do,., 

J  liieli  to  ^  liHjb ,,..... , do... 

Under  i  bich..^...^^,. „,,.,_,, .,...„, ,.,. ^ do*., 

Av(^rjigi>  difjideiiwr .„... ..bioli. 

DiiTation  of  toat.  ..*.,..*,,,..*.,,.  ^ , , . , , , , , , ,  ^ hour*. 

Heating  valiif*  ol  fiipl ,._ .B.  t.  o*  pur  pomid  of  dry  fiwi . 

Force  of  draft: 

Under  slack  damper... ..inuh  ^ator. 

Above  flre.»*.,.__..*.,_,„.,^^»,„_ ^^ *,.„,.. do.., 

FumtfiCt^  tcimppmiare .*F. , 

Dry  fuei  ueed  psr  §quarQ  foot  of  grate  surfeoeper  hour««^^,,„poiuidfl^. 
Equlval^Dt  water  evnporatvd  p^r  sqtiare  foot  ol  wateir-iieatliig  flurfjice 

per  hour, ,,,  *  ^ .»,.,- , - , , , , , , poutidii, 

Percentjvge  of  rated  bonw power  of  boiler  developed. ............... 

Water  iipjmrpntly  eVMpf:>Tatpd  perptiutid  of  futet aa flucMj, ^, , , . .poiioda. 
Water  c?vflpo rated  from  and  at  212*  F.: 

Ft^r  pound  of  fuel  as  ftn^d,, , *..do.,, 

f^er  pound  of  dry  fuel. .. ... -.^^.,...,*^.x ^ .do.,.. 

Per  pound  of  comlHiatibLe * .. ...^ * . * *, . .do... 

Efl&cienev  of  boiief ,  Including  gmte_ --  -pes'  oeat, 

Fuel  a!i  fired : 

Per  ludjcfited  horsepower  hour ^.  _-., *pounda. . 

P&r  elfictrlca]  horsepower  hour. . . .,. . do, . 

Dry  fuel: 

Per  LiidJcaied  horeepower  hour ^  -...*_,, . ..,.,,.,.. . .  ,>dCT^ . 

Pctr  eiectricnJ  horsepower  hour. ........... . ._ do — 


f  e»t  472,   Te*t  *73,   Teat  -167, 


H.l 
19.2 
61.5 
0.41 
$.-& 

a  SI 

2pM3 

Jfi-ST 

xm 

7.  "ST 
&7G 

6(2.  ai 

3.23 

3,gg 

3.17 
3.91 


46 

6.9 
13.0 
74  0 
0.31 
fl.77 
IISNO 

0.82 

2.fll5 
17.  a< 

3.26 
91,2 
7.65  I 

a  22 
0,45 

to.s& 

6409 

3.07 
3.79 

2.99 
3.  DO 


lU«ep^M. 

8,87 
14,258 

0.76 
,17 

2,7fi3 
17.  «3 

3,53 

09.00 

7.96 

9.6S 
10  04 
11.30 
68.00 

2.93 

^62 

2.^ 


Rermtrhi,^Te&i  467  on  Renfrow  bTiqu«*te  from  test  176,  which  btimed  Ireely  with 
short  £iBiae,  6.4  per  (^ent  black  Bmuke.  and  very  hot  fire;  briquets  t'oking  well  and 
thrtiwing  off  fragments  of  n>ke  in  a^h  dnnngf^mi  bust  ion;  39  pvr  rent  Hinker.  thin^ 
metallic,  red  and  black,  brittle  when  cold;  ash  of  dark  gray  color,  looked  like  coke. 

PBODUCEB-OAS  TEST. 
Pennsylvania  No.  15  (lump). 
Test  144' — Size  as  used:  Over  1  inch,  7  per  cent;  i  inch  to  1  inch,  14  per  cent;  }  inch 
to  i  inch,  18  per  cent;  under  \  inch,  61  per  cent.     Duration  of  test,  24  hours.     Aver- 
age electrical  horsepower,  191.8.     Average  B.  t.  u.  per  cubic  foot  of  gas,  144.4.     Total 
coal  fired,  5,700  pounds. 


Coal  consumed  in  producer  per  horsepower  hour  (pounds). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine v 


Equivalent  used  by  producer  plant  (pounds). 


Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard . 

Per  brake  horsepower: 

Commercialiy  available  — 
Developed  at  engine 


Coal 
s  fired. 

coal. 

Com- 
bustible. 

1.29 
1.24 

1.26 
1.21 

1.12 
1.08 

1.10 
1.05 

1.07 
1.03 

.96 
.92 

1.43 
1.37 

1.39 
1.34 

1.25 
1.'20 

1.22 
1.17 

1.18 
1.14 

1.0<' 
1.02 

Analyns  of  gas  by  volume. f^ 

Carbon  dioxide  (CO,) 10.  7 

Carbon  monoxide  (CO) 17. 2 

Hydrogen  (Hj) 15. 8 

Methane  (CH^) 2.  2 


o  For  analyses  of  fuel  used  see  p.  2()1  (sample  4104). 
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WASHING  TESTS. 

Pennsylvania  No.  15. 
Test  188. — Duration  of  test,  2  hours.    Size  as  used,  through  1-inch  screen.    Jig  used , 
special;  speed,  70  r.  p.  m. ;  stroke,  2\  inches.    Raw  coal,  20.37  tons;  washed  coal,  15.25 
tons,  75  per  cent;  refuse,  5.12  tons,  25  per  cent. 

Analyses. 


Lab.  No. 

Mois- 
ture. 

Ash. 

Sulphur. 

Sample  tested. 

Percent. 

Percent 
reduc- 
tion. 

Percent. 

Per  cont 
reduc- 
tion. 

Raw  coal,  car  sample 

4062 
4597 

3.13 
6.45 
5.78 

9.81 
5.38 
47.18 

3.77 
1.53 
19.78 

Washed  coal,  test  188 

45 

59 

Refuse 

Float  and  sink  tests. 


Size 
used 
(inch). 

Specific 
gravity 
of  solu- 
tion 
used. 

Percentage 
of  float. 

Sink 

(per 

cent). 

28 
22 
20 
19 

Analysis. 

Ash. 

Sulphur. 

No.  of  test. 

To 
refuse. 

To 
total 
sam- 
ple. 

Per 
cent. 

5.47 
5.27 
5.54 
6.26 

4.95 
6.50 
7.65 
8.15 

Per 
cent 
reduc- 
tion. 

44 

46 
43 
36 

Per 
cent. 

1.30 
1.45 
1.54 
1.71 

1.71 
2.13 
2.29 
2.88 

Per 
cent 
reduc- 
tion. 

On    raw    coal    (prelimi- 
nary) : 

1.35 
1.41 
1.45 
1.52 

1.35 
1.41 
1.46 
1.51 

1 

72 

0(> 

2 

11.80 
13.20 
14-50 
17.20 

78 
80 
81 

2.95 
3.30 
3.64 
4.30 

62 

3 

59 

4 

55 

On  refuse  (float) : « 

1 

2 

3 

4       

a  Figures  indicate  that  finer  crushing  is  advantageous.  Loss  of  "good  coal"  in  the  refuse  will  not 
exceed  2  per  cent.  By  "good  coal"  Is  meant  all  coal  of  a  quality  equal  to  or  better  than  that  of  the 
washed  coal. 

COKINO  TESTS. 

Pennsylvania  No.  15  (run  of  mine,  washed). 


Size  as  used 

Duration  ol  test hours. . 

Coal  charged pounds. . 

coke  produced fcr1e°nt:: 

B«»e  produced (PSe'n'i:: 

Total  yield do 


Remarks. — ^Test  186:  Dull-gray  color;  soft  dense  coke;  high  sulphur.     Test  188:  I 
gray  and  silvery;  much  better  than  coke  from  finely  ground  coal;  high  sulphur. 

Analyses. 


i^'ht 


Test  186. 

Test  188. 

Coal.     Coke. 

Coal.      Coke. 

Moistare 

7.19        0.56 

17. 86          .32 

69.57  1    91.10 

5. 38  ,      8. 02 

1.63  1      1.46 

4.53  '        0.  57 

VolfLt^le  Tf)fttt<ff .    .    , 

18.56              55 

Fixed  carbon 

70.63  1      90.23 

Ash 

6.  28           8.  (i5 

Solphur 

1.85  I        V.IA 

\ 
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BBJQUETTINO  TESTS. 
Pennsylvania  No.  15  (run  of  mine.) 

TeM  178. — Size  aa  uaed:  Over  J  iudi,  2.2  per  cent;  ^  inch  to  i  inclij  6  pe^  centj 
^  Inch,  to  xV  inch,  12  per  cent;  ^  inch  to  ^  inch,  19  per  cent;  through  ^  inch^ 
60.8  per  cent.  This  testis  with  7  jier  cent  binder,  gave  eatMactory  briquet**,  which 
wfr*?  loT^h  and  easily  handled  without  breaking  whei>  warm,  but  brittle  when  oold. 
Broke  with  characteristic  HnitKJib  gloaey  fracture,  hard  suria**ej  and  ebarp  edges.  For 
analyRes  of  briquets  Bee  page  201  (Bt  earning  test  467). 

7V*f  JS^t' — ^i^&  as  used:  Ovct  J  inch,  0.8  per  cent;  j^  inch,  to  J  inchT  7  per  cent; 
^  inch  to  tV  inch,  15  pH?r  cent;  ^ff  inch  to  ^  inch.  22*2  per  cent;  through  ^  inch, 
55  per  cent*  Pennsyh-ania  No.  15  was  mixed  with  an  equal  portion  of  Rhode  I&iand 
Nil*  1  (run  of  ndne)  in  this^  t^t.  Excellent  briquets  were  made  with  6,25  per  cent 
binder  on  rbe  Ren  fit  ^w  machine*  Ahhougb  the  pitch  uaed  had  a  low  m  el  ling  point, 
rbf  briquets  bandl*'il  w^dl  fn»iii  the  ma/^bine^  and  piled  witbi>ut  sticking.  The  outer 
BVirfiw  e  wtui  very  bard  and  emoitibt  and  broke  without  c rumblings  giving  a  gmootb 
f nocture  i^nd  eharp  edges.     For  antdyaed  of  hriquets  ^e  P^e  201* 


Teat 

TMt 

Hmif. 

- 

U&nt, 
11^ 

7 

a2ii 

ai30 

10,000 

1 

17fi. 


T>etai[*  of  iiittni]faii?tiire: 

MiH^hini^  usetl , 

TeraperuturK  oj  l^rlqutitfl .  *  F . 

Blnd^r- 

Kmd**. „. ., 

LaboraCi>iy  No.  (£eo  p*  40) 
Amouiii*^ . , .  „ .  pm  ftent. . 

Weight  of- 

Fgpl  Ijriqoetted*p0ond9*, 
Brfaaptjt,  average. .  ilii* . , . 

JJt^iit  vflJue  per  pcjimd— 

Fnrf  HB  recpi  vpd . .  B ,  t*  u . . 

Fuel  ikH  flred .  do 

BJndi^r.  „,_ , . 

Drop  t*3t  (14nch  flcreen)^ 

ileld,  ^^,.,„ peroiint.. 

F&Rsed do | 


15,0(in 


S(k5  I 


12,793 
lH,9fl9 


3L5 


TimibLer  tetut  (l-tncih  Bcrecm): 

Itdd*, pero^nt.J  7ik5 

Faiaed  (fliiVEi)  .. .*do*...  'J^5 

Fines  tbnoitffl^  iQ-xaeah  ftlev«   ! 

-..,..,.*.,...*....*.  per  eent*.  HBlO 

We^tfeering  tart;  j 

Time  expos«d......-.diiyB..  53 

Condition A- 

Water  absorption: 

In  l^  day? .*pprcenit.J  SSLO 

In  Ifi  day;?--.. ,. do*...... 13.3 

Average'  for  firaf — 

4  day  &.*.*.*.,,**.  do..*,  4  OS   .,..,... 

.■>  day* * . . do. .  * .  * , L  90 

BpedUo  gra vity  ( uppttrent) . .  _  „  Ltm        L  275 


mo 

7.0 


A. 


a  Pennsylvania  No.  15. 


6  Rhode  Island  No.  1  (see  p.  223). 


Extraction  analyses. 


Pitch. 

Fuel. 

Briquets. 

Pa.  No. 
15. 

R.  I.  No. 
1. 

Test  176. 

Test  184t. 

Laboratory  No 

4543 
"'""99.' 66' 

4104 
2.10 

.79 
.77 

3141 
3.40 

.02 
.02 

4913 

Air-drying  loss 

Extracted  by  CSj: 

Air-dried 

As  received 

Pitch  in  briquets,  as  received 

per  cent.. 

do.... 

do.... 

do.... 

2.80 

5.89 
5.72 
5.02 

0.03 

6.27 
6.25 
5.91 

PENNSYI.VAXIA   NO.   IC. 

Bituminous  coal  from  the  D  bed  at  Hastings,  Cambria  County, 
on  the  Pennsylvania  Railroad,  was  designated  Pennsylvania  No.  16. 
The  coal,  as  worked  from  the  outcrop  at  this  place,  averages  4  feet  4 
inches  in  thickness. 

One  sample,  shipped  under  the  supervision  of  K.  M.  Way,  consisted 
of  run-of-mine  coal,  and  was  used  in  steaming  tests  468  (on  briquets) 
and  471,  producer-gas  test  148,  and  briqueting  tests  172,  173,  and 
174. 
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Two  mine  samples  were  taken  for  chemical  analysis.  Sample  4028 
was  taken  several  hundred  feet  from  the  openmg,  where  the  coal 
measured  4  feet  6  inches  in  thickness.  Sample  4029  was  taken  on 
the  other  side  of  the  mine,  where  the  coal  measured  4  feet  2  inches  in 
thickness. 

CHEXICAL  ANALYSES. 

Pennsylvania  No.  10. 


I       Car 
Mine  sampler.       ,  s^„,^lv. 


Sleaiuing  t«'sts.'« 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Voiatile  matter. 

Fixed  carbon... 

ABh 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

SS^" 


4028 
2.30  : 

2.86  i 

22.64 

67.71  I 

6.79  I 

1.42  I 


4029 
2.30 

2.74 

22.66 

67.37 

7.23 

1.51 


4109 
3.90 

4.25 

21.  79 

66.09 

7.87 

1.59 

4.72 

75.92 

1.28 

8.62 


Sulphur 

Calorific  value  determined  (as  receivedK.|^^J"y^' 


7.858 
14,144 


■"7.567I. 
13,513  I. 


5.27 

23.69 

62.69 

8.35 

1.68 

4.36 

79.42 

1.29 

4.35 

8.81 
1.77 


1. 16 

21.07 

t)5.84 

8.93 

l.W 

4.38 
78.32 
1.33 
4.98 
9.32 
1.67 


•  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
STEAMINO  TESTS. 
Pennsylvania  Xo.  16  (run  of  n'ineV 

I  Test  468. ,  Test  471. 


Sixeasused: 

Over  1  inch per  cent. 

§  inch  to  1  inch do... 

IJnch  to  i  Inch do . . . 

Under  i  inch do... 

Average  diameter inch. 

Duration  of  test hours. 

Heating  value  of  fuel B.  t.  u.  per  pound  drj'  fuel. 

Force  (^  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temperature •F. . 

Dry  fuel  used  per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour, 


pounds. 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  fuel  as  fired pounds. 

Water  evaporated  from  and  at  212^  F. : 

Per  pound  of  fuel  as  Ihfed do. . . 

Per  pound  of  dry  fuel do. . . 

Per  pound  of  combustible do. . . 

Efficiency  of  boiler,  including  grate per  cent. 

Fuel  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  fuel: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour <lo. . . 


[See    p. 
f    206. 


8.10 
14,238 

0.73 

.14 

2,855 

19.04 

3.77  I 
105.7  I 
7.78 

9.40  ' 
9.92  I 
11.03  I 
67.28 

3.01 
3.71  I 

2.85 
3.52 


11.6 

18.8 

H2.4 

.39 

10.03 

13,939 

0.76 

.20 

2. 785 

18.52 

3.53 
OS.  90 

7. 59 

0. 15 
!♦.  5.') 
11.03 

m.  16 

3.  W 
3.S2 

■J.  W) 
3.66 


Remarh. — Test  468  on  briquets,  equal  weights,  from  tests  172,  17.3,  and  174.  I^ri- 
quets  from  both  machineB  burned  slowly  with  very  hot  fire,  medium  length  flame, 
and  no  fonoke;  41  per  cent  heavy,  rough,  brittle  clinker  of  gray  color;  small  amount 
of  fine  unbumt  coal  contained  in  aah. 


\ 
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REPOET    U*    S*    FUEL-TESTING    PLANT,    imHJ-7, 


PEOnUOEE-GAS  TEST. 

PpDiisylvania  Nu.  UJ  Hxm  of  mine). 
T^$i  /i^.— Dumticm  of  teat,  50  hours.     Avemge  elm'i  riiml  Uoraepower,  199.2.     Aveo'- 
nge  B.  t-  %U  per  cubic  foot  of  gaj»t  H(l-5,     Total  coal  tired,  d,950  jKJimde^ 


J2i 

biuitibl«. 

Ajflif  rwi^ttfnfd  in  pTBtiufrr  p<T  Awrfffpoircr  Aour  ^poundjrf. 

Fftr eject neal  horsepower: 

CommeftJiiJly  jiVniliilji" 

Develojicd  at  switch boant 

Per  brake  iiorBe power: 

ComnijQCY^I^Jly  avaiialrde. ,*.-.*. .....*. .^.j..^ 

DevC'lopeci  at  engine, .  _ .  _ *o-»*— — — »*-i^*»^.* 

LOO 

agM 

.80 

aw 
.m 

.71 

EquimifM  iwetf  h^  pr&dutfr  pUtnT  (ptmndf). 

I>r  elect  rical  b  o  r^if '  pf»  wi^  t  ; 

L17 

Lta 

.96 

1.  u 

L0« 

H»4 

i,m 

Per  br&k^-  tmri-i'Tinwf^r: 

Column nci all V  avaiiablv ...^^^. ..-.^^^^ .... ,,.......^^i. 

Dflvoloped  »i  (?tigiti^ . . , _,.  ^ , ...  X  _  L  ._...<..-_.......-__.-...(..  _ 

.63 

L 


Anat^gti^ 


€^t 


Moistofie -..,.,.. „..,........_ Av33 

VolatUe  m*tt«r ..,..„„-.,.,,..,„.  2LT5 

FLxed  <Mirlwm, .  * . ,  * .  *.. .  — -,*^ --**„,.  ©t  W 

Aah ,-....._...„ .,..-,-.-..    7,90 

SuUphur „.„ ...„„_.    Lsn 


CftrlKJdi  dlnxlde  {COtJ ..,*.,* to.  I 

CflTbon  monoxide  (CO),...,,. ,.,.*,.  18.31 

Hydrogn^n  UIi) ........,.,.,,<-^*  HkS 

Methane  H-lL)..^-.*t*.-— ,.,t, •,.*,-....  *  t.J 

Nitrogen  (Nil » .,  53.1 

KthyleiiefCfHi)-, ..,...,.,.,,.. ..  .4 


BRIHirETTIITG  TESTS,  ^ 

Pennsylvania  No.  16  (run  of  mine). 
Tests  172,  lis,  174. — Size  a*s  used:  Over  J  inch,  2.2  per  cent;  ^  inch  to  J  inch, 
5.4  per  cent;  ^V  i"^'^  t<>  iV  inch,  11.2  per  cent;  ^\  inch  to  ^V  inch,  21.4  per  cent; 
through  ^jf  inch,  59.8  per  cent.  There  was  no  difference  in  physical  appearance 
between  English  briquets  with  6  and  those  with  7  per  cent  binder.  All  briquets  were 
satisfactory,  with  smooth,  very  hard  surface,  characteristic  glossy  fracture,  and  sharp 
edges.  Renfrow  ])riquet8  broke  without  crumbling  and  were  easily  handled  from 
machine  when  warm.     For  analyses  of  briquets  see  page  205  (steaming  test  468). 


Details  of  manufacture: 

Machine  used 

Temperature  of  briquets °F 

Binder- 
Kind  

Laboratory  No.  (see  p.  4U) 

Amount per  rent . .  i 

Weight  of^ 

Fuel  briquetted pounds. . ' 

Briquets,  average do 

He^t  value  per  pound 

Fuel  as  received H.  t.  u..l 

Fuel  as  fired do ' 

Binder do 

Drop  test  (1-inch  screen): 

Ileld ])er  cent . . 

Passed do 

Tumbler  test  (1-inch  screen): 

Held do.... 

Passed  (fines) do 

Fines  through  10-mesh  sieve do 

Weathering  test: 

Time  exposed days . . 

Condition * 

Water  absorption: 

In  19  days per  cent . .  i 

Average  for  first  4  days do 

SpecWc gravity  (apparent) 


Eng. 
203 

c.  t.  p. 
4319 

6 

3.  .TOO 
3.  m 

13.013 
13,487 
Iti  139 

76.1 
23.9 

78.8 
21.2 
(>4.0 

.54 
\. 

13.9 
1.35 
1.113 


Test  173. 

Test  174. 

^^ 

Renf. 

185 

c.  t.  p. 

4319 

7 

c.  t.  p. 

4319 

7 

3.. 500 
3.69 

5.000 
0.428 

13.  .51 3 
13.487 
16.139 

13.513 
13. 487 
16.139 

80.4 
19.6 

44.5 
55.5 

81.7 
18.3 
63.9 

69.5 
30.5 
91.0 

50 
A. 

54 
B. 

14.7 
1.30 
1.110 

19.0 
3.30 
1.056 

TESTS — PENNSYLVANIA. 
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Extraction  analyses. 


Laboratory  No 

Air-drying  loss per  cent 

Extracted  by  CSj: 

Air-dried do 

Aa  received do. 

Pitch  in  briquets,  as  received do 


Briquets, 

tests 

172,  173, 

174. 


PENN8YL.VANIA   :SO.    17. 

Bituminous  coal  from  the  Upper  Freeport  or  E  bed  at  White, 
Indiana  County,  on  the  Pennsylvania  Railroad,  was  designated 
Pennsylvania  No.  17.  The  coal,  as  worked  from  the  outcrop  at  this 
place,  averages  3  feet  3  inches  in  thickness. 

One  sample,  shipped  under  the  supervision  of  A.  K.  Adams, 
consisted  of  run-of-mine  coal,  and  was  used  in  steaming  tests  496 
and  506,  producer-gas  test  158,  washing  test  189,  and  coking  tests 
178  (raw)  and  186  (washed). 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
4336  was  taken  700  feet  southwest  of  the  opening,  where  the  coal 
measured  3  feet  3i  inches  in  thickness.  Sample  4337  was  taken 
485  feet  west  of  the  opening,  where  the  coal  measured  3  feet  3  inches 
in  thickness. 

CHEMICAL   ANALYSES. 

Pennsylvania  No.  17. 


Mine  samples. 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon... 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

aS:^^;. 


4336 
1.30 

2.22 

30.91 

59.67 

7.20 

1.39 


Sulphur. 


Calorific  value  determined  (as  received) .  -{b^^I^u^" 


4337 
1.30 

2.22 

30.95 

58.41 

8.42 

1..54 


Car 
sample. 


7,767  J 
13,801  I 


4421 
3.30 

4.35 
27.76 
55.99 
11.90 

1.51 

5.04 

71.62 

1.39 

a54 


Steaming  tests.a 
496.  50(). 


J 


7.202 
12,964 


_L 


3.45 
28.33 
55.62 
12.60 

1.55 


2.81 
27.91 
57.85 
11.43 

1.66 


4.73 

4.79 

74.32 

75. 36 

1.44 

1.46 

4.85 

4.92 

13.05 

11.76 

1.61 

1.71 

a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 


EEFOBT  U.    E.    FU  KL^TEBTING    PLANT,   1906-7. 

STEAJUFG    TESTS. 

PennHylvaaiu  No.  17  (run  **!  laaoe). 


ToKtsm 


rdO... 

,(|C, 


Bl2e  &B  used ; 

Ovpr  1  Inch* ^* „.. ,.,„.,,.,........,.,,....... 

^  Inch  to  1  lnch,«..H* ---.-,.„*..,,*..*, .....*-._.... 

j  inch  to  ^  Inch*,.,,., ,..„„.. _ 

Under  J  Inch .^.,_ _,..., _^ , ,,,.^-,. 

Avpm^  dlHniPtef-., , _..„.-,,,„,.,., 

Bumtion  of  te«i.....,, -„„,,.,,,,,,,..., .,*, ,,. ....*„lMMir».. 

Healing  Tftluft  of  Cfwii-,,,,,.. ,,,*._,,.. ,..&,  t,  u*  per  pfitind  itf  dry  goaI., 

Force  of  draft: 

Under  Bia<?k  tltkmjm-. .... ,  .*^,..  .* ^. ^ [neb  wttler. , 

Above  Hre.,,^,*^...... .,,,,.,.,<,,,.,>,„i,,,,,.„,.,.,,„.,^^^.„.,**(I)0*.*. 

Id  asih  pit.., *,..*„. ..*,.-*, .„„*...„._ ,,.,,..„.,... do..., 

Furnace  temperatiirif ..  *  ^  ****-.................... _. ..  ^ ..... .  .*F. , 

Dry  toal  iis«>d  jicr  gquhi^  ioai  of  ^rat@  eurfiy^e  p^r  hour. , , .pounilA, , 

Equivalent  waior  pi'^tLporatod  per  sqimrf?  foot  of  watftr-hiuttLng  8urfM»  per  hour. 


Percentage  of  I'm  tod  borftepower  of  boUer  developed. . . . .  .l  , 

Water  apparotttLy  evaporate^l  per  ptiuud  of  CHtaf  ad  fined « ..  ..h.  , 

Water  evaporated  from  and  at  312^  F.: 

Per  pouniJ  of  ooai  a»  flred -..,.,....*,.„....,•-,„...,*.*., ..do..., 

Per  pound  of  dtyooal.  .^- - .,_._...., do..., 

Per  pound  o!oombn*tlhle-- „,„.,„,,,,,.,_,,,...,,.,_,.._._,_do,.., 

JSSLdeacs-  Of  hoUer,  including  grate. , .  .par  oant. 

CoalMf&ed; 

Per  Indicated  hoTsepower  hour .  ^ .potmdB. 

Per  «leetFioaL  boraopower  hour ..,,....!.„..,...,.,.,_,*.....,..  .do, . , 

DryaoAU 

Per  indicated  horsepower  honr  .,..,»„..,, *..,„*..,..  ..*.*.  * ... .  ,.do. . . , 

Ptroloctrioil  hotsepowur hour..., *,,...-*.*.— .-*».*...._*... .....do... 


US 
211 
^\^ 
<k43 

tz,m 

a7i5 
30.00 

&7fi 

tai^i 

3.33 
ilQ 


FRQPUC^HIA9  1WT. 


Pennsylvania  No.  17  (run  of  mine). 


Test  158. — Duration  of  test,  50  Ikhifs. 
age  B.  t.  u.  per  cubic  foot  of  gas,  141.2. 


Average  electrical  horsepower,  188.4. 
Total  coal  fired,  13,200  pounds. 


Aver- 


Cwil  consumed  in  producer  per  Jiorsepower  hour  (pounds) . 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchlward 

Per  brake  norsepower: 

CommerclaUy  available 

Developed  a£  engine 

Equivalent  ti-ed  by  producer  plant  (pounds). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard ., 

Per  brake  norsepower: 

Commercially  available 

Developed  at  engine 


1.09 
1.05 


Analyses. 


Coal. 


Moisture 4.  40 

VolatUe  matter 28. 01 

Fixed  carbon .54. 87 

Ash 12. 72 

Sulphur 1. 75 


Oas  by  volume. 


Carbon  dioxide  (COs) 10.0 

Carbon  monoxide  (CO) 17.5 

Hvdrogen  (Hi) 13.7 

Methane  (CH^) 2.2 

Nitrogen  (N,) 56. 1 

Oxygen  (Ot) 1 

Ethylene  (C»H«) 4 
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WASHING   TESTS. 

Pennsylvania  No.  17. 
Test  189, — Duration  of  test,  1}  hours.     Size  as  used,  through  1-inch  screen.    Jig 
used,  special;  speed,  70  r.  p.  m.;  stroke,  2\  inches.    Raw  coal,  7.28  tons;  washed 
coal,  6.30  tons,  87  per  cent;  refuse,  0.98  ton,  13  per  cent. 

Analyses. 


Sample  tested. 


Raw  coal,  car  sample. . 
Washed  coal,  test  189. 
Refuse 


Ash. 


Sulphur. 


Percent. 

Per  cent 
reduc- 
tion. 

Percent. 

Per  cent 
reduc- 
tion. 

11.90 

1.61 
1.16 
&86 

8.02 
41.60 

33 

23 

Float  and  sink  tests. 


Size 
used 
(inch). 

Specific 
gravity 
of  solu- 
tion 
used. 

Percentage  of 
float. 

Sink 

(per 

cent). 

Analyses. 

No.  of  test. 

To 
refuse. 

To 

total 

sample. 

Ash. 

Sulphur. 

Per 
cent 

Per 
cent, 
reduc- 
tion. 

Per 
cent. 

1.00 
1.08 
1.26 
1.13 

1.28 
1.40 

1.67 

Per 
cent, 
reduc- 
tion. 

On  raw  coal  (preliminary) : 

1.36 
1.40 
1.45 
1.52 

1.36 
1.41 
L46 
1.51 

laoo 

14.00 

laao 

2a  76 

86 
90 
91 
91 

L70 
L80 
260 
a20 

14 
10 
9 
9 

6l14 
6l69 
&20 
7.61 

&39 
6.20 
&15 
9.51 

57 
52 
48 
37 

34 

2 

28 

3 

17 

4 

25 

On  refuse  (float) : « 

1 

2 

3 

4 

a  Loss  of  good  coal  as  calculated,  1.6  per  cent.    By  "  good  coal ' '  is  meant  all  coal  of  a  quality  equal  to 
or  iMtter  than  that  of  the  washed  coal. 

COKINO   TESTS. 

Pennsylvania  No.  17  (run  of  mine). 

Test 

186  (w.). 


Size  as  used 

Duration  of  test hours. . 

Coal  charged poimds. . 

coke  produced fcv^i:: 

Bn»»  produced {^T^i:. 

Total  yield do 


f.  c. 

44 

11,920 

7,523 

eaii 

307 
2.58 
65.69 


Remarks. — Test  178:  Light-gray  and  silvery;  good  weight  coke;  ash  high.  Test  186: 
Good,  strong,  heavy  coke;  light-gray  and  silvery.  Washing  improves  both  physical 
appearance  and  chemical  analysis,  reducing  ash  and  sulphur. 

Analyses. 


Test  178. 

Test  186. 

Coal. 

Coke. 

CoaL 

Coke. 

Moisture 

4.41 

28.83 

57.86 

&90 

1.39 

a22 

.36 

84.55 

14.87 

1.37 

a30 

28.24 

67.22 

&24 

1.19 

0.29 

Volatile  TTiattflr  ,  _ 

.56 

Fixed  carbon 

87.96 

Ash.... 

11.19 

Sulphur -    -         -   -    r   T    r    r   -    , - 

1.00 

\ 

19698— Bull  No.  332—08 U 


210 


EEPORT   U.   S.   FUE]j-TESTIN€)   PLANT,   lOflBI. 


P 


rENKsi^tvAKiA  ?ro.  18. 

Bituminous  coal  from  a  mine  working  the  "Miller"  bed,  out* 
cropping  at  Lloydell^  Cambria  County,  on  the  Pennsylvania  Railroad, 
was  designated  Pennsylvania  No.  18. 

This  sample  consisted  of  run-of-mine  eoal  shipped  under  the 
supervision  of  K.  M.  Way,  and  was  used  in  steaming  test®  499  and 
515  (on  briquets);  briquettiBfC  tests  196*,  197*,  200*,  201,  202,  205, 
232* t,  2361,  and  250t;  mixed  with  Rhode  Island  No.  1  in  briquet- 
ting  test  243f ;  and  mixed  with  Miscellaneous  No.  9  in  briquetting 
tests  238 1,  2391, 240t,  and  248.  Four  cars  were  shipped  to  the  plant, 
and  one  ear  was  shipped  to  the  Pennsylvania  Railroad  locomotive- 
testing  plant  at  Altoona- 

TVt)  mine  samples  were  taken  for  chemical  analysis.  Sample  4347 
was  cut  from  the  left  entry,  2,500  feet  south  of  the  mouth  of  the  drift. 
Sample  4348  was  taken  from  the  fac*t  of  the  fifth  left  entry,  3,200 
feet  south  of  the  mouth  of  the  drift. 

Six  car  samples  were  taken — sample  4509  for  complete  chemical 
analysis,  and  five  others  for  air-drying  loss  and  moisture,  as  follows- 


L&boxatflfj  No. 
Alr-d  lying  lOM . 


Mao 

45t4 

4547 

a  10 

^m 

440 

a  73 

131 

aai 

4^05  I        A4sm 


CHEMIGAL  ANALYSES. 

Pennsylvania  No.  18. 


Mine  samples. 


Car 
sample. 


Steaming  tests.** 


499. 


515. 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon. . . 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Ash. 


4347  I 
1.90  ; 

2.43 
17.75 
73.21  I 
tt.6l 
1.34 


4348 
2.20 

2.66 
17.60 
71.18 
8.56 
2.97 


Sulphur 

Calorific  value  determined  (as  received) . 


(calories. . 
\B.t.u.. 


7.775 
13,995 


4509  ! 
4.10 

4.46 
15.44 
71.63 
8.47 
1.49 

4.80 
77.43  ! 
11.28 

6.53 


1512 


47.'i5 


4.05  i 
19.68  i 
66.56 


5.95 
18.41 
67.00 


7,601 
13,682 


9.71 

8^64 

1.72 

1.34 

4.S9 

4.16 

79.76 

80.41 

1.05 

1.19 

2.99 

3.63 

10.12 

9.19 

1.79 

1.42 

Proximate:  1 

Moisture 3. 2.')  ' 

Volatile  matter I  18.17 

Fixed  carbon 69. 87 

Ash 8.71  I 

Sulphur 1.42 

Ultimate:  I 

Hydrogen 4. 12 

Carbon 81.41 

Nitrogen I    1. 19 

Oxygen 2.81 

Ash 9.00 

Sulphur I     1.47  J 


Briquetting  tests. b 

240t.      243t.      250t. 


200*. 

232*t;2a5. 

236t. 

238t. 

239t. 

3.01 

2.41 

4.71 

1.83 

1.30 

17.84 

19.41 

18.43 

15.05 

13.73 

70.53 

r>8.86 

69.14 

69.52 

69. 67 

8.62 

9.32 

7.72 

13.60 

13.  .50 

1.38 

1.75 

1.19 

1.61 

1.19 

4.13 

4.10 

4.40 

3.12 

2.81 

82.27 

81.20 

81.77 

77.24 

70.94 

1.27 

1.11 

1.26 

.70 

.75 

2.02 

2.2,'-> 

3.22 

3.48 

8.79 

8.89 

9.55 

8.10 

13.82 

15.  .50 

1.42 

1.79 

1.25 

1.64 

1.21 

1.06 
15. 87 
69.24 
1,T83 

1.44 

2.81 

76.02 

.81 

4.92 
13.98 

1.4<) 


1.34 
16.39 
70.34 
11.93 

1.37 

3.46 

77.79 

.53 

4.74  I 
12.09  4 

1.39  1 


2.5.5 
24.23 
62.80 
10.42 

1.99 

4.36 

78.64 

.88 

.3.39 
10.69 

2.04 


o Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
^Proximate  analyaia  of  fuel  as  received;  uit\mato  aivaV^sls  on  dry  basis. 
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Duration  of  test hours.. 

Heating  value  of  fuel B.  t.  u.  jwr  pound  dry  fuel. . 

Foroe  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do.... 

Furnace  temperature °F.. 

Dry  fuel  usea  per  square  foot  of  grate  surface  per  hour pounds. . 

Equiyalent  water  evaporated  per  square  foot  of  water-heating  surraco  per 
hour , pounds.. 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  fuel  as  fired pounds. . 

Water  evaporated  from  and  at  212  ''F.: 

Per  pound  of  fuel  as  fired do 

Per  pound  of  dry  fuel .- do 

Per  pound  of  combustible do 

EflBkdency  of  boiler,  indudlog  grate per  cent. . 

Fuel  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  fuel: 

Per  indicated  horsepower  hour do — 

Per  electrical  horsepower  hour do — 


Test  499. 

Test  515. 

8.58 
14, 119 

9.22 
14,292 

0.81 

.19 

2,854 

21.50 

0.84 

.18 

2,709 

21.13 

4.09 
114.7 
7.54 

4.02 
112.6 
7.38 

9.14 
9.52 
10.72 
65.11 

8.95 
9.52 
10.62 
64.33 

3.09 
3.82 

3.16 
3.90 

2.97 
3.66 

2.97 
3.67 

Remarks. — Test  499  on  Renfrow  briquets  from  tests  201  and  202;  test  515  on  Eugliali 
briquets  from  test  197*.  English  briquets  fired  whole,  Ix^th  burned  with  short  flame, 
intense  white  heat,  and  no  smoke.  English  briquets  made  26  per  cent  clinker; 
Renfrow  briquets  made  44  per  cent  clinker. 

BBIQUETTINa  TESTS. 

Pennsylvania  No..  18  (run  of  mine). 

TesU  196*y  197*,  HOO*,  HOI,  202,  206,  282*,  236^,  atid  2501[.—Siz{i  as  used:  Over  J  inch, 
1.4  per  cent;  ^  inch  to  {  inch,  5  per  cent;  ^^  inch  to  ^^o  inch,  10.6  per  cent;  4V  inch 
to  ^  inch,  24.8  per  cent;  through  :j^  inch,  58.2  per  cent.  Excellent  briquets  were 
made  with  5,  6,  and  7  per  cent  binder  on  the  English  machine;  8  per  cent  binder  gave 
good  results  on  the  Renfrow  machine,  but  those  with  6  and  7  per  cent  binder  were 
not  satisfactory.  This  coal  worked  equally  well  with  high  and  low  moisture  content, 
making  briquets  with  hard  surfaces  that  were  easily  handled  and  piled.  The  fracture 
was  smooth,  the  particles  of  coal  being  so  thoroughly  cemented  that  the  appearanciti 
was  like  a  solid  mass.  For  analyses  of  briquets  see  page  210  (briquets  from  tests 
201  and  202  tmder  "Steaming  test  499,"  fwm  test  197*  under  ''Ste^iming  test  515  "). 


Test 
IJW*. 


Details  of  manntactiim: 

Madiioeused >    Eng. 

Temperatum    of    bri- 
quets  'F..        158 

Binder- 
Kind 

Laboratory  No. 

(see  p.  40). 
Amoont,  per  cent. 
Weiflbt  of — 

Fuel  brlquetted, 

pounds 24,000 

Briquets,  aTSxage, 

pounds.... 3.57 

Heat  value  per  pound- 
Fuel  as  raoelTed, 

B.t.n 13,682 

Fuel  as  fired, 

B.  Lu 14,029 

BindBr....B.t.n..   16,637 


Test 
197*. 


Test 
200*. 


Eng. 
140 


128,000 
3.62 

13,682  : 

13,442 
16,637  I 


Eng. 

185 

w.  g.  p. 


Test 
201. 


Ronl. 
149 


Test 
202. 


lienX. 

149 

w.  g.  p. 


Test 
205. 


Renf. 
ir»8 
P- 


w. 


8 


24,000       :J.(JOO 

(^TiOO 

(i,()00 

3.  Wi  1    0.  456       0.  439 

0.407 

13,682     13,682 

13,082 

13,682 

13,946     13.547 
16,637  .  10,637 

13,547 
16,637 

13.937 
16.637 

Test 
232n. 

Test 
236t. 

Test 
2T0f. 

Renf. 

Eng. 

English 

107 

las 

l.-)? 

w.g.p. 
4800 

*U- 

4x2.1 

8 

7 

S 

140,000 

40.000 

l.S()() 

0.4<i0 

3.  <)2 

y.  m 

13,082 

13,082 

13,(>812 

13,937 
16,864 

13,873 
10,864 

13.  ()«) 
17,15^ 

a  Wax  tailings. 
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BEIQUETTIKG  TESTS— Con litiued. 
FennByJvania  No.  18  (nm  of  mine). 


TMt 

Tert 
197*. 

Test 

T*8t 

202. 

Test 

Twt       TMt         T«t 
233n-  ^   ^^t*    !    2S0t. 

J>rop  teat  (l-tnt'b  ^rean): 

tield  ^ . . .per  cgdI.  . 

PftBNCtl,.,, do..,. 

T  um  bier  tea  t  ( L  An.  ecroen) : 

[IfiJd,,,....,pcr  cent.. 

Passed  tflnfts) . .  Ati. ... 

Fln&s  through  lO-mpnh 
»1(svo...»..  percent.. 
We4ithi(»riEiff  ti^Ht: 

Time  ejrposed  ^ .  .dajs. . 

CVmlitinrj  „-,..,,,.,.„ 

OtLO 

70.0 

1 
A. 

14.» 
1.85 

fi6.T 

37.  S 
72,3 

77.  a 

3L0 

7».0 

4fi.O 
80.7 

41.0 

71.0 
29.0 

54.9 

45.5 

85.0 
»,7 

4S.5 
89. 5 

m& 

90,3 

01.8 
^4 

11.  D 

01. » 

4a.  3 

Wat^er  iibsorptinn: 

In  19  dftya . .  .per  cent. . 

In  13  days ..do 

Avi^mgf}  for  Brsl  4  fUj-fi, 
por  rant.... . 

Spociflti  gravity  (flppaient  J . 

ILJS 
1. 131 

*  17.4 
3.13 

i.oes 

mo 

l.ifH 

1^3 
1.102 

U.0 

I.  S3 
Li54 

1L7 

3.13 
1.166 

£.9 

afl5 

1.340 

ExiracHofi  awdyiCi.^ 


Fuel. 

Brlquetit. 

Tc«t 

sm 
'5.44' 

.5.3Q 

Test 
107*. 

Twt 

Teflta      Teats 

4?»7 
3.80 

asot. 

Lbboratoiy  No.  - j . ...... 

4490 

,70 

47S5 
£.10 

5.01 
fi.fll 
5.50 

sxm 

4513 

5.De 

504» 

4006 

Aip-drring  loaa ........... .par  agmt. . 

EitmctfldbvCSi: 

.\lr-<1rion.      ...^     .     ^.     «do. .. 

LTD 

8. 10 

As  mwivpd ..idn.... 

FLtiih  m  briquets  us  raculvBtl*  .do. . . . 

ib8 

5.73 

8.11 
7. 78 

7.3a 
0.ft§ 

7.33 

o  For  extraction  analyses  of  pitches  used,  see  p.  40. 

Test  23S\. — Pennsylvania  No.  18,  75  per  cent;  miscellaneous  No.  9  (coke  breeze), 
25  per  cent.  Satisfactory  briquets  were  made  with  8  per  cent  binder;  similar  to 
briquets  from  Pennsylvania  No.  18,  alone.  Surfaces  smooth  and  hard;  fractured 
surface  smooth  with  sharp  edges;  could  be  handled  easily  while  warm,  and  did  not 
crush  or  stick  together  when  piled  warm. 

Test  239^. — Equal  parts  of  Pennsylvania  No.  18  and  miscellaneous  No.  9.  The 
briquets  were  softer  when  warm  than  in  test  238t,  but  could  be  handled  without 
breaking;  very  hard  when  cold;  broke  without  crumbling;  fractured  surface  rough 
but  firm. 

Test  240\. — Pennsylvania  No.  18,  25  per  cent;  miscellaneous  No.  9,  75  per  cent. 
The  briquets  were  very  soft  when  warm  and  could  not  be  handled  without  consider- 
able breakage,  but  hard  when  cold;  fractured  surface  very  rough,  with  edges  that 
crumbled  easily.  This  test  showed  the  necessity  of  handling  fuel  mechanically  until 
cold  to  prevent  breakage. 

Test  24S\. — Equal  parts  of  Pennsylvania  No.  18  and  Rhode  Island  No.  1,  both  run 
of  mine.  An  effort  was  made  to  improve  the  burning  qualities  by  increasing  the 
melting  point  of  the  binder,  but  owing  to  the  hardness  of  the  pitch  used  and  insufficient 
pressure,  these  briquets  were  not  siitisfactory.  They  could  not  be  handled  when  warm 
without  many  being  broken,  but  when  cold  were  brittle,  producing  considerable  slack 
in  handling.     No  physical  tests  were  made 

Test  248. — Pennsylvania  No.  18,  10  per  cent;  miscellaneous  No.  9,  90  per  cent. 
Characteristics  of  briquets  noted  in  test  240t  were  more  pronounced.  The  breakage 
of  warm  briquets  in  falling  from  machine  and  during  handling  with  coke  fork  was 
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fully  50  per  cent,  showing  the  necessity  of  careful  handling  of  briquets  on  a  belt  con- 
veyor until  they  are  cool.    The  cold  briquets  were  handled  satisfactorily. 
For  analyses  of  briquets,  see  page  210. 


Size  as  used: 

Over  i  inch ^t  cent . . 

^  inch  to  i  inch do 

^  Inch  to  A  inch do 

JW  inch  to  ^  inch do 

under  ^  inch do 

Details  of  manufacture: 

Machine  used 

Temperature  of  briquets °F. . 

Binder- 
Kind 

Laboratory  No.  (see  p.  40 ) 

Amount per  cent . . 

Weiiht  of— 

Fuel  brlquetted i>ounds. . 

Brlauets,  average do 

Heat  value  per  pound— 

fPa.No.l8 B.t.u.. 

Fuel  asreceived<R.  I.  No.  1 do.... 

iMlsc.  No.9 do.... 

Fuel  as  fired do 

Binder 

Drop  test  (1-inch  screen) : 

Held per  cent . . 

Passed do 

Tumbler  test  (1-inch  screen) : 

Held do.... 

Passed  (fines) do 

Fines  through  10-mesh  sieve do 

Water  absorption: 

In  23  days do 

In  10  days do 


Test 
238t. 


1.0 

6.8 

14.2 

21.8 

56.2 

Renf. 

167 

8.0 

10,000 
0.485 

13,682 


In  9  days. 
In  8  days. 
Average  for  first— 

7  days 

Sdays 

4  days 

Si)eclflo  gravity  (apparent) . 


.do., 
.do.. 

.do., 
.do., 
.do.. 


10,870 
13,185 
16,864 

48.0 
52.0 

87.0 
13.0 
84.4 


13.9 
2.42 


1.165 


Test 
239t. 


0.6 
6.2 
15.0 
23.4 
54.8 

Renf. 
167 

8,0 

8,000 
0.479 

13,682 


10,870 
12,787 
16,864 

56.5 
43.5 

78.5 
21.5 
92.6 


15.8 


2.07 
i.'i77 


Test 
240t. 


1.4 

7.8 

16.6 

26.2 

48.0 

Renf. 
167 

8.0 

8.000 
0.568 

13,682 


10,870 
12,721 
16,864 

40.0 
(M).0 

90.0 
10.0 
100.0 


14.0 


2.4 
'i!286" 


Test 
243t. 


1.0 

6.8 

17.6 

25.2 

49.4 

Renf. 

185 

8.0 
2,000 


13,682 
10,996 


13,387 
16,576 


Test 

248. 


1.4 
8.4 
16. 8 
29.0 
44.4 

Renf. 
158 


w.  g.  p. 

48^9 


8.0 


2,000 
0.479 


13,682 


10,870 

'i6,'865 

61.0 
39.0 

80.0 
20.0 
85.2 


2.68 
"i."i48 


Extraction  analyses. 


Fuels. 

Briquets. 

Pitches. 

Pa.  No. 
18. 

R.I. 
No.l. 

Misc. 
No.9. 

Test 
238t. 

Test 
239t. 

Test 
240t. 

Test 
243t. 

I-Aboratorv  No .... 

4625 

4806 

4«0 
8.10 

.76 
.69 

3141 
3.40 

.02 
.02 

4763 
1.30 

.15 
.15 

4930 
1.00 

7.21 
7.21 

7.17 

4932 
0.90 

7.55 
7.52 

7.35 

4977 

7.' 43' 

7.14 

4832 

Air-drying  loss . .  .per  cent . . 

0  70 

Extracted  by  CSt:' 

Air-driea do.... 

Pitch   in  briquets  as   re- 
ceived   per  cent. . 

'  '90."  56' 

'  '96.'96 

8.91 
8.84 

9.41 

PBNN8YI.VANTA  NO.  19. 

Bituminous  coal  from  the  Pittsburg  bed  one-fourth  mile  north  of 
Herminie,  Westmoreland  County,  on  the  Pennsylvania  Railroad,  was 
designated  Pennsylvania  No.  19.  The  coal,  as  worked  at  a  depth  of 
300  feet  at  this  place,  averages  6  feet  2 J  inches  in  thickness. 

One  sample,  consisting  of  run-of-mine  coal  shipped  under  the 
supervision  of  A.  K.  Adams,  was  used  in  steaming  tests  498  and  508 
(on  briquets),  coking  tests  176  and  177,  and  briquetting  tests  218, 
219,  and  242. 
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Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
4351  was  taken  1,400  feet  north  of  the  opening,  where  the  coal 
measured  5  feet  8 J  inches  in  thickness.  Sample  4352  was  taken 
4,000  feet  south  of  the  oj^ning,  where  the  coal  measured  6  feet  TJ 
inches  in  thickness. 

CHEMICAl  AKALYSEB. 

FeimBylYanijA  No*  19. 


Ulnik  A.L 

i_^ 

C*r 
•ftmpl*. 

St«fimliig  leatsA 

m. 

««. 

Labomtor>'  No..,, „»,*,,,, ,.„„„. 

Alr-d tying  loss, .  .^ ,, 

iSfil 

L7ii 

:«.21 

58.71 

IL27 

43^ 
l.OO 

2.01 
33.  at 
BStU 

tJ,32 

4tS9 

&3tJ 
1.05 

74  42 
1.39 
9.71 

W4g 

4&m 

I'mxlni&te: 

67.33 
7.83 
Lfil 

4Sfl 
77.11 

l.fifl 

54.30 
7.53 
l.dS 

C7* 

77.  »J  1 
Lfl 
&86 
7.93 

L75 

Volatile  jimttar, . _ . _ ., „ ., 

3^.50 

^24 

Ash.-, .,.,.„...... ..-,.„ 

«.5l 

BulDhUT                                ^    ^             ^      ^         . 

1,30 

4£; 

fuHmlu -..^ ^ 

, 

75.01 

Nltfogt'n_..^*..j.,.^,,,»^^.^,^,^,^„^ 

L.3S 

Oxygeti -_^,.-_^....-^--^^, ...,_.. 

^ 

7.1fi 

Aah,,...  ..,„..„*„.,  ,..,  ..,    „ 

eitia 

Si^btitir , ......* 

L38 

CAlotfd^  valiiP  df^tprmlii^  C^ji  |»iit^iiea^ , 

7.6BG 

7,ai 

raofiiv^).. Ih.i.u..^ 

"' 

d  Proximo ta  aiiAljrdts  ol  iud  »a  Ar««l;:  iiltiniRtp  ATUilyflji  nf  dry  hlH  Vigaft^  fmrn  cur  ftitnpk^ 

STEAMING  TESTS. 

Ponnsylvania  No,  19  (run  of  mine). 


I  Test  4m.    Test  508. 


Size  as  used: 

Over  1  inch percent. 

4-inch  to  1  inch do. . . 

}-inch  to  i-inch do. . . 

Under  J-inch do. . . 

Average  diameter inches. 

Duration  of  test hours. 

Heating  value  of  fuel B.  t.  u.  per  pound  of  dry  fuel. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do... 

Furnace  temperature °V. 

Dry  fuel  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  wat<'r-h«»ating  surface  jxr  hour. 


pounds. 

Percentage  of  rated  horsepower  of  l)oiier  developed 

Water  apparently  evai>orated  jx'r  pound  <^f  fuoi  as  finMl pounds. 

Water  evaporated  from  and  at  212*'  F.: 

Per  pound  of  fuel  as  fired do . . . 

Per  pound  of  dry  fuel do . . . 

Per  pound  of  combustible do. . . 

EfTiciency  of  boiler,  including  gnitv |mt  cent. 

Fuel  as  fired : 

Per  indicated  hors«^power  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  fuel: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


67.1 

12.4 

7.8 

iseep.215. 

12.7 

1.99, 

9.50 

9.38 

14,128 

14/270 

0.86 

0.97 

.19 

.2:^ 

2.828 

20.42 

20.  \H\ 

3.81 
106.8 

7.48 

9. 05 
9. 35 
10.48 
ai.  91 

3.12 
3.  S6 

3.02 
3.  73 


4.05 
113.7 

7.5S 

9.  20 

9.  tVJ 

10.  79 

fi'x  .'>S 

3.07 
3.  79 

2.  92 
3.60 


Remarks.  -  Test  508  on  ))riqiU'ts,  equal  parts  from  tests  218  antl  219. 


TESTS — PENNSYLVANIA. 

COKING  TESTS. 

Pennsylvania  No.  19  (run  of  mine). 
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.  Test  176.    Test  177. 


Size  aa  used i  r.  o.  m . 

Duration  of  test hours . .  36 

Coal  charged pounds. . I  12, 110 

Cokeproduo«l Ip^-d^ii-J  l^, 

B^exeproduoed |pn^„V.;|  ,3J5 

Total  yield do i  67. 01 


f.  e. 

4U 

12.100 

8.490 

70.17 

336 

2.78 

72.95 


Remarks. — Test  176:  Good  heavy  coke;  light  gray  with  a  little  silvery  deposit  of  car- 
bon. Brittleness  probably  due  to  unbroken  pieces  of  slate.  Test  177:  Good  heavy 
coke;  light  gray  and  silvery.  Crushing  improves  physical  pn)pertie8  of  coke  and 
increases  yield.     Breakage,  good  large  uniform-sized  pieces. 


Analyses. 


Test  176. 


Test  ] 


Moisture 

Volatile  matter 
Fixed  carbon... 

Ash 

Sulphur 


Coal. 


Coke.       Coal.  ;    ( Oke. 


3.01  1 

0.24 

3.57 

0.13 

30.66  , 

.19 

29.56  1 

.49 

.57.17  ! 

88.06 

59.17 

87.45 

9.16 

11.51 

7.70  1 

11.93 

1.16 

.95 

.98 

1 

.83 

BRIQUETTINO  TESTS. 

Pennsylvania  No.  19  (run  of  mine). 

Tests  S18y  219j  242. — Size  as  used:  Over  ^-inch^  3  per  cent;  y^-i^^h  to  J-inch,  8.8 
percent;  ^^j-inch  to  jVi'^ch,  17  per  cent;  ^^^-inch  to  jVii^^^j  26.3  per  cent;  through 
^inch,  47.6  per  cent. 

Briquets  with  6,  7,  and  8  per  cent  binder  appeared  equally  satisfactory.  Edges 
were  sharp,  surfoces  hard  and  smooth,  fracture  clear  with  firm  edges.  Renfrow  bri- 
quets had  a  glossy  surface.  All  briquets  handled  and  piled  well.  For  analyses  of 
briquets  see  page  214  (those  from  tests  218  and  219  under  *'  Steaming  test  508"). 


Details  of  mannfaeture: 

Machine  UMd 

Temperature  of  briquets ^F. 

Binder- 
Kind 

Laboratory  No.  (see  p.  40) 

Amount percent. 

Weifllit  of— 

Fuel  briquetted pounds. 

Briquets,  average do. . . 

Heat  value  per  pound- 
Fuel  as  received B.t.u. 

Fuel  as  fired do... 

Binder do... 

Drop  test  (1-inch  screen): 

Held percent.. 


Passed. 
Tumbler  test  (1-inoh  screen): 

Held 

Passed  (fines): 

Fines  througn  lO-mesh  sieve. 
Water  absorption: 

In  13  days 

In  10  days 

Average  or  first  8  days 

Specific  gravity  (apparent) 


.do. 

.do... 
.do... 
.do... 


.do., 
.do., 
.do.. 


Test 
218. 

Test 
219. 

^■\l^ 

'"Jl^ 

w.  g.  p. 

w.  g.  p. 

4683 
7 

8,000 
3.  r).5 

4.000 
3.74 

13,699 
13,540 
16,637 

13.099 
13,540 
16.637 

73.8 
2»i.  2 

78.5 
21.5 

Tost 
242. 


75.6 
24.4 
70.0 

8.6 


78.8 
21.2 
65.0 


1.0  ' 
1.124  I 


1.0 
1.133  I 


Kenf. 
149 

w.  g.  p. 

480*1 

8 

4,000 
0. 431 

13.699 
13.64*) 
16.864 

78.5 
21.5 

91.5 

8.5 

90.09 


7.9 

1.0 

1.125 


^sm 
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REPORT   U.  R.  FUEL-TBSTINO   PI^NT,  Um-1^ 
Mxtmctum  anal\f»rM. 


Luboratory  No..... „„......, „.....,. .._„*. 

Air-dryliuf  lc>iiB_., .., pi^iMMlt. 

Alr-drled,.  ***,.,,...,„.,, , do„. 

An  recelvfid .. . ................  ^ .do.  ^  > 

Fitch  lu  bTlquet0f  d4  rw^lvnl  _.,.,.  ^ ,.  „ .  ,,,do, , . 


Brtqufitii* 


Fltchf«, 


aa.SQ 


Fufll. 


4681 
LOO 


218,210. 


TcbC  212. 


4.00 

5.04 
B.80 
5.71 


4§2g 
0.50 

8.21 


Bituminous  cad  from  the  Lower  Kit  tanning  or  B  bed,  1^ 
miles  east  of  Seward,  Westmoreland  County,  on  the  Pennsylvania 
Railroad,  was  designated  Pennsylvania  No.  20,  Tins  coal,  as 
worked  from  the  outcrop  at  tliis  place,  averages  3  feet  7  inches  in 
thickness. 

One  sample,  shipped  untler  the  supervision  of  John  W,  Groves,  con- 
sisted of  run-of-mine  coal,  and  was  used  in  steaming  tests  (on  briquets) 
512  and  514;  washing  test  194;  coking  tests  179  and  1S2;  and  briquet- 
ting  tests  198t,  208,  209,  212,  21  Sf,  215,  and  21fi. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
4349  was  taken  1,S50  feet  south  of  the  opening,  where  the  coal 
measured  3  feet  9  inches  in  thickness.  Sample  4350  was  taken  1,050 
feet  southwest  of  the  opening,  where  the  coal  measured  3  feet  5  inches 
in  thickness. 

CHEMICAL  ANALYSES. 

Pennsylvania  No.  20. 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon... 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Ash. 


Mine  samples. 


4349 
2.30 

2.80 
17.92 
71.32 
7.96 
2.29 


4350 
2.00 

2.48 
17.87 
70.41 
9.24 
3.  03 


Sulphur 

Calorific  value  determined  (as  re-  fcaiories. 
ceived) \B.  t.  u  . . 


7.()79 
13.822 


Car 
sam- 
ple. 


4.00 
15.89 
60.57 
ia54 

2.85 


7.415 
13.347 


Steaming 
tests,  a 


512. 


4726 


4713 


150 
19.98 
67.71  ! 

a  81  1 
1.59  I 

4.39 
81.  m".  , 
1.06  I 
2.72 
9.  13 
1. 1)4 


2.79 

21.11 

67.79 

8.31 

1.91 

4.42 

80.2.5 

1.09 

3.73 

8.55 
1.  % 


Briquetting 
tests.  f> 


198t. 


4769 


a  16 
19.23 
64.38 
10.23 

Z68 

4.20 
78.12 

1.09 

2.83 
10.90 

Z86 


213t. 


1.23 
2a  58 
67.  74 
ltt45 

2.98 

4.56 
79.21 

1.12 

1.51 
10.  .58 

3.02 


a  Proximate  analysis  of  fuel  as  fired:  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
b  Proximate  analysis  of  fuel  as  received;  ultimate  analysis  on  dry  basis. 


TESTS — PENNSYLVANIA. 
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STEAMINO  TESTS. 

Pennflylvania  No.  20  (briquets). 


Duration  of  test hou r s . 

Heating  value  of  fuel B.t  a  per  pound  of  dry  fuel. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  flre '. do... 

Dry  fuel  used  per  square  foot  of  grate  surface  per  hour jwunda. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour, 

pounds 

Percentage  of  rated  horsepower  of  boiler  develoi)ed 

Water  apparently  evaporated  per  pound  of  fuel  as  fired jwunds. 

Water  evai>orated  from  and  at  212  <^F.: 

Per  pound  of  fuel  as  fired .'  .do. . . 

Per  pound  of  dry  fuel do... 

Per  pound  of  combustible do. . . 

EflBciency  of  boiler,  including  grate per  cent. 

Fuel  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do 

Dry  fuel: 

Per  indicated  horsepower  hour do. . . . 

Per  electrical  horsepower  hour do 


Test  514. 


7.93 

14,382 

0.93 

.23 

27.52 

4.47 
12.5.  3 
6.54 

7.91 

&14 

9.06 

54.66 

158 
4.41 

3.47 
4.29 


Remarks. — Test  512  on  briquets  from  tests  215  and  216  (equal  weights);  briquets 
burned  freely,  with  intense  heat  and  no  smoke;  31  per  cent  clinker.  Test  514  on 
briquets  from  tests  208  and  209  (equal  weights) ;  briquets  burned  freely,  with  intense 
heat  and  no  smoke;  50  per  cent  clinker. 

WASHINO  TESTS. 

Pennsylvania  No.  20. 
Test  194. — Duration  of  test,  2}  hours.  .  Size  as  used,  through  1-inch  screen.     Jig 
used,  special;  speed,  70  r.  p.  m.;  stroke,  2i  inches.     Raw  coal,  22.21  tons;  washed 
coal,  17.25  tons,  78  per  cent;  refuse,  4.96  tons,  22  per  cent. 

Analyses. 


d. 

Lab. 
No. 

Mois- 
ture. 

4.00 
6.48 
10.21 

Ash.                       Sulphur. 

Sample  teste 

Per 
cent. 

Per  cent  ;      p 
reduc-          ^  I 

Per  cent 
reduc- 
tion. 

Raw  coal,  car  sample 

4517 
4553 

10.54 
6.76 
46.25 

2.85 

Washed  coal,  test  1m 

36 

L.^O 
17.40 

54 

Refuse 

1 

Float  and  sink  testi 

f. 

ilphur. 

Per 
cent 
reduc- 
j    tion. 

Size 
used 
(inch). 

Specific 
gravity 
of  solu- 
tion 
used. 

Percentage  of 
float. 

Sink 

(per 

cent). 

Analyses. 

Number  of  teet. 

To 
refuse. 

To 
total 
sam- 
ple. 

Ash. 

Sl 

Per 
cent. 

4.95 
5.66 
4.72 
6.07 

5.42 
5.69 
6.45 
7.89 

Per 
cent 
reduc- 
tion. 

53 
46 
55 
42 

Per 
cent 

On  raw  coal  (preliminary) : 

1.35 
1.42 
1.45 
1.52 

1.35 
1.41 
1.45 
l..'i3 

17.20 
18.50 
19.88 
20.20 

83 
88 
88 
89 

3.91 
4.20 
4.51 
4.59 

17 
12 
12 
11 

0.93  1           07 

2 

1.24             57 

3 

1.02  1            64 

4 

1.09              62 

On  refuse  (float): a 

1 

1.69    

2 

1.69  1 

3 

2.15    

4 

2.08 

1 

a  Flgoies  indicate  that  flner  crushing  is  advantageous.    Loss  of  "  good  coal "  in  the  refuse  ^Ul  uqv 
6X060(12  per  cent.    By  **  good  coal "  is  meant  all  coal  of  a  quality  equai  to  ot  betvei  X\v«lxv  V\wiA.  vA  W\<6 
wMhedoiMl* 
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COKIHO  TESTS. 
PenmsyU'^Dia  Xu.  20  (nm  of  mine). 


P 


DufmUoti  of  test,, —^.,..*^-, .-,..-,._, hoiire.. 

Coal  c-hAig^... ^,.^--,,.,,,„.,^,,„,.,,,,.,,^^... ■^.^^,.^.  ,..poundfl'.- 

Cflkeprodiimd {pVrreot:: 

B™«p™u™d ^^^- 

Tolftl  yi<?.ld „ -,_-,, ,. - --,,^. ...,„, *,„,.do„„ 


Test  179 
(fftW}. 


68 
0,070 

fi2.30 

3.21 
OS.  41 


Test  182 


11,760 
7,3A1 

4.50 
(17.00 


IS^Tiarib*.^ — ^Teat  179:  light-gray  &nd  iilvery  cxilor;  ioft,  dense  coke;  high  ash  and 
sulphur.  TeBt  182:  Gray  color;  9oft»  dense  coke;  ash  and  aulphur  reduced  by  wash- 
ing; no  impnovement  in  pbywieal  appearance. 


I 


'     ' 

T»tm. 

Tnt  1^, 

Coal. 

Caka. 

6>ao 

17.04 

0a.  ss 

7.IH 

C^jICiL 

Holsture..^.^.. ... , ....-...-._, ..... . .. ^^,, 

3.91 
iL44 

14.47 

0v51 

Yq^KTil^    mAtlef                                                    ...                               .L                           LHI..             -        ..                                         ,        .1             ... 

1         .iS 

Plxsd  cflrbon                            .                         ,  *             ^                         .  *  * 

Si.Bfi 

Aah.  ..„.-„..-,-- ,-. .- , , .. ^^ 

g.w 

Sulphur. ......^ .._ ,. ..,,, ..-.i. *-ik4#. 

2.7W        5.^» 

LU 

BBIQUETTOIG  TESTS. 


Pennsylvania  No.  20  (run  of  mine). 

Tests  198,  208,  and  209.— Size  as  used:  Over  \  inch,  0.8  per  cent;  ^jj  inch  to  {  inch, 
3.6  per  cent;  ^V  i^^^  to  ^^  inch,  11.2  per  cent;  ^  inch  to  ^V  inch,  27.0  per  cent; 
through  j\  inch,  57.4  per  cent.  Briquets  from  both  machines  had  similar  appear- 
ance, with  smooth,  hard  surface;  were  very  brittle,  and  broke  with  a  glossy  fracture 
and  sharp  edges.  The  percentage  of  binder  seemed  to  have  little  effect  on  brittleness, 
although  Renfrow  briquets,  with  8  per  cent  binder,  handled  with  less  breakage. 

Tests  212,  213^,  215,  and  216  {on  tvashed  coal).— Size  as  used:  Over  J  inch,  0.8  per 
cent;  yV  inch  to  {  inch,  4.8  per  cent;  .^V  inch  to  -^  inch,  16.0  per  cent:  ^^^  inch 
to  jV  inch,  26.0  per  cent;  through  ^^^  inch,  52.4  per  cent.  There  was  no  notice- 
able difference  between  these  briquets  and  those  made  from  raw  coal. 

For  analyses  of  briquets  see  page  216  (those  from  tests  208  and  209  under  "Steaming 
test  514;"  from  tests  212,  215,  and  216  under  "Steaming  test  512  "). 


Test 
19Ht. 


Details  of  maniifjictun': 

Machine  listed Eng. 

Temperature  of  ]>riqiiets 1 '>H 

Binder- 
Kind  w.  g.  p. 

Laboratory  No.  (see  p.  4<)) 4<i8.3 

Amount i)er  cent. .  6 

Weight  of— 

Fuel  briquetted pounds.  :i,200 

Briquets,  average do X^2 

Heat  value  per  pound- 
Fuel  as  received B.  t.  u. .  i:j,347 

Fuel  as  fired do ....  U,  198 

Binder do ... .  16,6:^ 

Drop  test  (1-inch  screen) : 

Held per  cent . .  74.  8 

Passed do. . . .  25. 2 


Test 
208. 


Kenf. 
158 


Test 
209. 


Kenf. 
1.58 


w.g.p.    w.g.p. 

4n8:i       ii'm 

7  8 


4,500 
0.  451 

13,347 
13,981 
16,637 

19.5 
80:5 


8,000 
0.  457 

13,:J47 
13,981 

I6,r>:^ 

26.0 
74.0 


Test 
212. 


Kenf. 
158 


w.  g.  p. 
468.3 


6,. 500 
0.  427 

14,6:« 

I 

16,6:^7 

2:?.o 

77.0 


Test 
21. 3t. 


Kenf. 
158 


Test 
215. 


Eni 


f. 


w.  g.  p.  I  w.  g.  p. 

468;j         4683 

8  ,  6 


6,500 
0.4.58 

14,639 
13,896 
16,6.37 

19.5 
80.5 


6,400 

3.  r»;i 

14,639 
13,988 
16,637 

74.6 
25.4 


Test 
216. 


Eng. 
176 


g-  P- 

4t;S3 


3,300 
:i.44 

14,639 
13,988 
16,61^7 

71.9 
28.1 
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BSIQUETTINO  TESTS — Continued. 
Pennsylvania  No.  20  (run  of  mine). 


Tumbler  test  (l-inch  screen) : 

Held percent 

Passed  (fines) do.. 

Fines  throogfa  lO-mesh  sieve do. . 

Water  absorption: 

In  13  days do.. 

Average  for  first  5  days do. . , 

Specific  gravity  (apparent) 


Test 

Test 

Test 

Test 

Test 

Test 

198t. 

208. 
54.0 

209. 

212. 

213t. 

215. 

71.0 

61.5 

67.0 

64.0 

74.0 

29.0 

46.0 

38.5 

33.0 

36.0 

2&0 

«6.4 

86.8 

86.4 

91.6 

87,3 

63.2 

14.6 

15.6 

15.0 

19.0 

14.6 

9.5 

2.34 

J2.78 

2.66 

3.1 

2.50 

1.56 

1.141 

Ml 

1.127 

1.043 

1.144 

1.148 

Teat 
216. 


70.5 
29.5 
70.4 

11.0 
1.56 
1.121 


Extraction  analyses. 




Pltch. 

Fuel. 

4498 
3.10 

1.02 
.99 

Te«t 
198t. 

Briquets. 

Tests    1      Test 
208,  209.  1      213t. 

Tests 
215,  216. 

Laboratory  No 

4683 

4769 
5.50 

5.60 
5.29 
5.00 

4713  !          4885 

47'>n 

Air-drying  loss 

Extracted  by  OS9: 

Ali^rled.... 

..percent.. 

2.00  1          0.60               3.10 

do.... 

6.86  '           8.03               K  Of) 

As  received 

Pitch  hi  briquets  as  received. 

do.... 

do...- 

89.31 

6.  72            7. 98 
6.49            7.92 

6.61 
6.37 

PENNSYIiVANTA    NO.   21. 

Bitmninous  coal  from  the  Pittsburg  bed,  2  miles  southwest  of  Con- 
nellsville,  Fayette  Coimty,  on  the  Pemisylvania  Railroad,  was  desig- 
nated Pennsylvania  No.  21.  The  coal,  as  worked  at  a  depth  of  315 
feet  at  this  place,  averages  7  feet  6 J  inches  in  thickness. 

One  sample,  shipped  \mder  the  supervision  of  A.  K.  Adams,  con- 
sisted of  run-of-mine  coal,  and  was  used  in  coking  tests  183,  187,  189, 
191,  and  192,  and  cupola  test  190. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  4411 
was  taken  6,500  feet  northwest  of  the  opening,  where  the  coal  meas- 
ured 7  feet  5i  inches  in  thickness.  Sample  4412  was  taken  9,000  feet 
northwest  of  the  opening,  where  the  coal  measured  7  feet  8  inches  in 
thickness. 

CHEMICAL   ANALYSES. 
PcniiHylvania  No.  21. 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

.    Volatile  matter. 

Fixed  carbon... 

Ash 

Sulphur 


Mine  samples. 

Car 
sample. 

4412 

4411 

4609  1 

1.80 

1.40 

4.20  ■ 

2.82 

2.40 

6.13 

29.97 

29.90 

27.87 

59.84 

60.48 

58.29 

7.37 

7.22 

8.71  1 

1.22 

.97 

.86  1 

Mine  SHinple.s. 


Car 
sample. 


Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  valueK„,__,„_ 
determined^?^f      ,„  oq, 
(a8reeeived)P-*"--|  ^^'^^ 


I 


7,773 


4.91 
73. 13 

1.50 
10.89 

7,525 
13,365 
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I 


COEma   TESTS. 
Penury  Ivan  k  No.  21  (ruu  of  mine)* 


8lSC9  AS  UVtd, 


Diimtlon  of  tcit^ . ,  „., ,, hours. 

CohI  cbaig^. .,.,,, ,,,.,.,,....... potiiidft. 

CotojprodocBd Lr™i- 

»-^P^^ .- ..,., |PS,^,«i; 

Total  yield..,.* ,..,... do... 


TefltlSS, 

Te»tia7. 

Tent  ISO, 

Tpit  lei. 

Not 

f,c 

Ni>t 

Through 
HndC 

cruii)^* 

cruiih«d. 

ftcnvD. 

70 

78 

&1 

47 

15pl40  ' 

14,360 

12,U$0 

ii,9m 

10,300 

D,0S2 

«»I57 

7p9ta 

)        B7.37 

tJ9.M 

ti7.gS 

fvkm 

mi 

t2fy 

319 

3M 

ZfiS 

Z27 

2.m 

3.  OR 

mo2 

n.7» 

7S.lfl 

ft9,77 

Test  IM. 


Thfooett 

Wi^iliBen. 
49 

7,713 

07.34 

33tt 


iZemoi" jb.— Light  gi»y  and  Bilv(?rj^;  g(.KKi  heavy  c^ke. 


P 


Teat  183. 

TeftllST'. 

TMt  180. 

Tert  101. 

TestigiL 

Coal. 

Cokii. 

C<ial. 

Coke. 

Co&l. 

Coke. 

CofH. 

Cote. 

CosJ. 

Coker 

MoIfltTlW    ......    . 

iL37 
28.33 
aOiOT 

Bv2;3 
.KB 

0.71 

.12 

fi&24 

10.^3 

27,  OT 
57.81 

.H6 

,m 

87.78 

lava 

4.  OS 

5S.2D 
S^40 

0.82 

.^1 

8a.  22 

I0i7i 

128 

5S.22 

7.5S 
.05 

0.33 

.IS 

Sg.54 

10.08 

.87 

3.  £8 

tai3 

7.43 

.91 

0  20 

Vt>lBtU*r  tttttltftr 

Aah...,, 

.60 
10  4S 

BalptLOf-,-^., ...... 

.03 

.81 

.70 

Cuptila  Uuit  q/  coke  modi  front  Pitmitylmmia  No.  il  voaL 
CHARGE. 


CupoU 
lest 
No. 

Coke.a 

Teat 
No. 

187 

9pe«lflic 
gJliv- 
Ity. 

Rutio 
iron  to 
oolcu. 

igo 

1.00 

7 

Mat^liyfl. 


Bl-^iozM  of  oluzgQ. 


fCote...,, 
7  .{rig iron. 


210 
210 


M.      \     4. 


Lb*.    •  LbJt. 

55  i  55 

495  405 

135  I  135 


Lbjf.  Lti. 

55  d5 

405  40S 

135  135 


Tot^ 


Lbt. 
430 

2,250 
750 


a  Sulphur  in  ash,  0.0115  per  cent. 
RECORD  OF  MELT. 


Blast  pressure. 

Iron 
run- 
ning 
in— 

Weight  of  iron. 

Melting. 

Recovered. 

Cupola 
test 
No. 

On  at- 
11.00  a.m... 

Maxi- 
mum. 

Oz. 

7 

Poured. 

Addi- 
tional 
melted. 

Total. 

Time. 

Min. 
25 

Rate 

per 

hour. 

Ratio 
iron  to 
coke. 

Loss. 

Perct. 
10.10 

Iron. 

Lbs. 
211 

Coke. 

190 

Afin. 
6 

Lbs. 
1,793 

Lbs. 
091 

Lbs. 

2,484 

Lbs. 

5,902 

7.31 

Lbs. 
90 

LADLE  RECORD. 


Ladle  No. 


Hounds. 


Time 
(h.  m.). 


Ladle  No. 


Pounds. 


I     Time 
I   (a.  m.). 


2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 


01 

11.10 

132 

11.13 

80 

11.15 

t>2 

11.17 

147 

ll.lTi 

55 

11.18 

49 

11.20 

13(i 

11.20i 

73 

11.21 

52 

11.22 

125 

11.22i 

83 

11.23 

13. 
14. 
15. 


18. 

19. 

20. 

21. 

22 

23! : 

24. 


52 

72  1 

30 

89 
132 

04 

44 

28 
100 

23 

87 

17 


Beniarks. — Ti^si  190:  Temperature  oi  Inrn,  mv'duvm.     Blast  off  8  minutes. 


11.25 

11.25i 

11.20 

11.20i 

11.28 

11.28i 

11.29 

11.29i 

11.38 

11.38i 

11.39 

11.39 
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PElSTS^SYIiVANIA  ISTO.   22. 

Bituminous  coal  from  the  Pittsburg  bed  at  Huflf,  Westmoreland 
County,  on  the  Pennsylvania  Railroad,  was  designated  Pennsylvania 
No.  22. 

One  sample  of.  this  coal,  which  is  worked  from  the  outcrop  at  this 
place,  shipped  under  the  supervision  of  John  W.  Groves,  consisted  of 
run-of-mine  coal  and  was  used  in  steaming  test  510  (on  briquets), 
producer-gas  test  159,  and  briquetting  tests  21  If,  222,  and  223t. 
No  mine  samples  covering  this  shipment  were  taken. 

CHEMICAL   ANALYSES. 
Pennsylvania  No.  22. 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Ash - 

Sulphur 


Car 
sample. 


3.10 

3.98 
28.13 
57.73 
10.16 

1.00 

4.96 

73.34 

1.53 

9.01 


Calorific  value  determined  (as  received) {b^.^  t^iT ' ' 


7,395 
13,311 


Steam- 
ing test 
510.O 


4704 


5.15 
29.60 
55.08 
10.17 

1.17 

4.46 
75.40 

1.39 

6.80 
10.72 

1.23 


Briquetting  tests.6 
21 If.  223t. 


4684 


2.21 
32.11 
55.12 
10.56 

1.13 

4.53 
75.71 

1.39 

6.41 
10.80 

1.16 


4706 


3.5,5 
:V).  57 
54. 27 
11.61 

1.07 

3.55 
75.94 

1.24 

6.12 
12.04 

1.11 


o  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
6  Proximate  analysis  of  fuel  as  received;  ultimate  analysis  on  dry  basis. 

STEAMINO   TEST. 

Pennsylvania  No.  22  (English  briquets). 


Duration  of  test hours. . 

Heating  value  of  fuel B.  t.  u.  per  pound  dry  coal. 

Force  ol  draft: 

Under  stack  damper inch  water. 

Above  fire do... 

In  ash  pit  (forced  draft) 

Dry  fuel  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour do. . . 

Percentage  of  rated  horsepower  of  boiler  developed do . . . 

Water  apparently  evaporated  per  pound  of  fuel  as  fired pounds. 

Water  evaporated  from  and  at  212o  F.r 

Per  iKmnd  of  fuel  as  fired do. .. 

Per  pound  of  dry  fuel do... 

Per  pound  of  combustible do. . . 

Effidencv  of  boiler,  including  grate per  cent. 

Fuel  as  nred: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do . . . 

Dry  fuel: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


Test  510. 


9.17 
13,900 

0.86 
.08 
.46 
19.63 
S.^ 
98. 1 
6.99 

S.46 
8.92 
10.33 
61.97 

3.34 
4.13 

3.  17 
3.91 


Remark9. — ^Teet  made  on  briquets  from  tests  222  and  223t  (equal  weights); 
buined  freely  with  intense  heat  and  no  smoke;  47  per  cent  c\\nket. 


fuel 


r 


222 
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PBODnCEB-GAS  TEST. 

PenneylvHJiiu  No,  22  (run  of  mine). 

Text  i 53.— Duration  \>i  test,  50  hadrs.     Average  elt^elrical  hoiBepower,  197*7- 
age  B.  t.  u«  [ler  cubic  fcKit  of  gaa,  145,6-     Total  coal  £red^  11,700  poundci. 


AveN 


r 


OmI  eoflni»i«(f  In  prodycrr  per  JioTfrpQvfrr'hour  ijmundsh 

Cominerrlaily  available  ^.. -.,*,..,,,».,, ,„,,_v,...,v, 

Di^vnlop^  fti  BwJicbboafil , ,-,„ , 

I^r  brake  fiorw power; 

O'tnmrrcialfy  u vutUubUi .„..-......, ,  „  „ 

Poveloped  fltonglne.,....-.- ,.,„... , 


EqVfitnleni  uicd  hjf  producer  plarU  ipotindtt). 


Vnr  eL«otrtcal  hotsepower; 
Commercially  avallftbU^. . . , 
DeToloped  at  flwltchlio&nl. 

CoinnieitilalLy  aYallable . 

Developed  ai  eiigin^. . , . . , . 


Coid 


1.18 


LU5 
1.01 


1.31 


1.11 
1.07 


Bit 
coat 


LIB 
LH 


LliO 
,07 


L21 


1.07 
LOS 


Com- 
buftibli^ 


Ld6 
L03 


L12 
LOS 


.05 
.02 


AmUjfsiji  of  ^09  by  vqIuvhc^  "* 


Carbpii  innnoxldo  tCOj ,-. 
Hydrtigm  (Hi) 


ml 

17  .d 

ma 

2.9 


Methatie  iC}i 

Nitrogen  iN,J. ...I ...._, .,,„ ..,  56^4 

Etbyrene  t^dHf^,...,., -,.,,., ,,h-,,,,., „ ,„., *.,—*...-..„.,     ,4 

BElQlTETmNQ  TESTS.  *.  

Pennsylvania  No.  22  (run  of  mine). 

Teste  2111[,  222 y  and  223^. — Size  as  used:  Over  \  inch,  1.6  per  cent;  ^  inch  to  J  inch, 
17.8  per  cent;  ^^  inch  to  jV  inch,  33.4  per  cent;  ^q  inch  to  ^V  inch,  23.2  per  cent; 
thn)ugh  ^Q  inch,  24  per  cent.  English  briquets  with  7  per  cent  binder  showed 
better  outer  surface  than  those  with  6  per  cent  binder.  In  all  briquets  surfaces  were 
hard,  clean,  sharp,  and  glossy,  with  characteristic  fracture.  Renfrew  briquets  dropped 
from  belt  without  Vjreakage. 

For  analyses  of  Vmciuots  see  page  22 1  (those  from  test  222  under  ' '  Steaming  test  510  " ). 


Details  of  manufacture: 

Machine  used 

Temperature  of  ])riquet8 °F . . 

Binder- 
Kind 

Laboratory  No.  (see  p.  4(h 

vVmount percent. . 

Weight  of— 

F'uel  briquetted pounds. . 

Briquets,  average do 

He^t  value  per  pound 

P'uel  as  received B.  t.  u. . 

Fuel  as  fired do 

Binder do... 

Drop  test  (1-inch  senxMj): 

Ilelp jxTcent. 

Passed do 

Tumbler  test  (1-inch  screen): 

Held do. . . . 

Passed  (fines) ^ do 

Fines  through  10-mesh  sieve do 

Water  absorption: 

In  13  days do 

Average  for  first  a  days do 

Specific  gravity  (apparent) 


Test  211t. 

Test  222. 

Test  223t. 

Renf. 
158 

^'^ 

^?S 

7 

7 

6 

4.000 
0.442 

19,000 
3.87 

3.200 
3.93 

13,311 
13,561 
16,  Ci37 

13,311 
13,183 
16,637 

13,311 
13,275 
16,637 

54.5 
45.5 

79.8 
20.2 

62.2 
37.8 

85.0 
15. 0 
90.8 

73.7 
26.3 
65.0 

67.8 
32.2 
70.0 

11.7 
1.78 
1.110 

9.6 

1.48 

L160 

a9 

1.38 
1.164 

a  For  analyses  ol  fuel  used  see  p.  'I'ZV  (.sample  4498). 
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Extraction  analyses. 


Labratory  No 

Air-drying  loss per  cent 

Extracted  by  CSj: 

Air-dried do 

As  received do. 

Pitch  in  briquets  as  received do 


G.35 
6.20 
0.09 


RHODE  ISLAND. 


RHODE  ISIiAlNTD  NO.  1. 


Anthracite  graphitic  coal  from  Cranston,  Providence  County  (near 
Providence),  was  designated  Rhode  Island  No.  1.  This  sample  was 
mined  from  surface  workings  at  Cranston,  and  commercially  would 
be  classed  as  run-of-mine  coal.  It  was  shipped  under  the  inspection  of 
J.  S.  Burrows,  and  was  used  in  making  steaming  test  401 ;  also  mixed 
with  Utah  No.  1  in  steaming  tests  (on  briquets)  414  and  415,  coking 
tests  141  and  157  (see  p.  263),  and  briquetting  test  127  (seep.  264); 
mixed  with  Utah  No.  2  in  steaming  test  4.16  (on  briquets)  and  briquet- 
ting  test  133  (see  p.  266) ;  mixed  with  Pennsylvania  No.  15  in  briciuet- 
ting  test  184f  (see  p.  204);  and  mixed  with  Pennsylvania  No.  18  in 
briquetting  test  243t  (see  pp.  212,  213). 

CHEMICAL  ANALYSES. 

Rhode  Island  No.  1. 


Laboratory  No 

Air-drying  loss 

Proximate: 

Hoist  tire 

Volatile  matter. t 

Fixed  carbon 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

SSr.-.::;::;:::;;::;:; 

Sulphur 

Calorific  value  (as  looeived): 

Determined 


Car  earn- 1  _ 
ple.o     ' 


/calories. . 
|B.  t.u... 

Calculated  from  ultimate  analysis . .  {^  tfu*; ; 


3216 
2.00 

•2.41 
4.92 
73.61 
19.06 
.07 

.90 

75.10 

.17 

4.70 


6,109  I. 
10.996  I. 

6.176  . 
11,117  . 


Steaming  tests.b 


414. 


415. 


2.33 

2.45 

2.47 

24.21 

78.72 

62.60 

16.48 

10.74 

.08 

.41 

.67 

2.95 

79.49 

78.63 

.18 

.74 

2.71 

6.25 

16.87 

11.01 

.08 

.42 

2.27  , 
22.20 
65.29 
10.24  I 
.41 

3.13  . 

77.64  I 

.74  ! 

7.59  I 

10.48  I 
.42 


416. 


5.  H5 
25.20 
59.56 

9.39 

.85 

2.94 
76.42 

.73 
9.04 
9.97 

.90 


a  Sample  from  producer-gaa  test  113  (failure)  treated  as  car  sample. 

b  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
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STEAXINO   TESTS.  ' 

Rhode  Isiarid  ^o,  1  (briquete). 


Pumtion  of  U'*!. , . , , , , , ,limjTs,  . 

Heating'  vaJuei  of  fool .B.  t.  u.  per  poimd  dry  fuel. . 

Force  of  tlraJt: 

UimJof  Black  diimp«?r. < Inch  water. . 

Above  Are  ___........„.-..* .^ .» ..^ .  ^ ,  ^  ,«,,».*  * .  ndo*  -  ► . 

Fumaoi?  temperaturp ,..,.,..., ,..,...,....  ^F , . 

Dry    fuel    used    per    aquare    foot    of    grp.te    eurfu^    per 

hour — , . , , , , .pouiidfl. . 

Kqtiivaleiit  water  ovaporatctd  per  square  foot  of  water-heating 

aiirfact*  pnr  hour . .  _  — .... ,.,.......  .poiindB. . 

Percental^  of  rated  horaepowpr  of  boiler  developed. , . . 

Water    ttppaft^ntly    evaporatjed    pur    pound    of    fuel    aa 

fbed. .  »*.,..............«...... .poundB. . 

Water  evapomtiKl  from  and  at  212  *l*^.: 

Per  pound  of  fuel  an  Biwi,.... .. ... ^...do. ... 

Per  pound  of  dry  fuel _..,.... do.,.. 

Per  pound  of  rocnbuBtlble  »*,^ do. .  j. 

EincU^ncr  of  boiler,  Including  grate. ,,, .  .*...-*.*. .  *per  cent. . 
Fuel  a-s  Bred ; 

Pe^r  Indioatiid  liorsepoiATf r  hour ,,...,.  pounda . . 

Per  <?lebtrical  horsepower  hour »«....,..,- , , . . do. . . 

Dry  Iiiftl: 

Per  Indicated  horsepower  hour^  *  .*.... do. . . 

Per  eli?etrlcal  hora^powcr  Imur, . .  * ,,,.... .do„ . 


Test^l. 


Test  414. 


11,639 


30.23 


4.19  I 

4.B1 
4ft3 
7, 70  I 
401  SI  ! 

7.2S 


5.0 
12,945 


IS.  42 


2.(W 
S3.0 


T«flt  415. 


12.S23 


19. 01 


7.17 


3.31 


T^it4]«. 


10.03 
12,244 


2L51 


4.36 


£.71 

7.05 


5.f>4 


a  Too  low  to  bij  rtsad  A^'llti  Waruier  optical  pyronwtpr.    Forced  draft  uaed  on  this  test. 

^einarjb,— Teets  414  and  415  on  briqu*sts  made  f?om  Rhode  leland  No.  1  and  Ut4di 
No.  1,  mixed.  (See  p.  264.)  The  briquets  burned  freely,  with  short  yellow  fiamt*;  did 
not  crack  open,  hut  coked  throughout  and  held  together  well.  Ko  smoke;  burned 
very  much  hke  anthracite  except  for  color  of  fiame.  Thetie  companvlive  teste  on 
Rhod  e  I  sland  N  o .  1  coal  ga  v  e  on  I  y  55 , 8  per  cen  t  ca  paci  t  y  and  were  unea  I  isf  a  c  tory .  { Sc^ 
test  401  above.)  Heuvy  clinkefj  which  wan  tough  and  pJMtic  when  hot  and  brittle 
when  loldt  luit  did  nt>l  stick  to  th**  grate. 

Tewt  -ilH  on  hriqueta  from  \mt  133  matlo  fn>m  Rhode  Island  No.  1  and  Utah  No.  2, 
mixed.  (8ee  p.  26().)  With  natuml  draft  the  hriqneta  burned  with  a  very  short  fiame; 
with  forced  draft  they  burned  with  a  longer  flame,  giving  a  hotter  fire.  Briquets  did 
not  coke  or  hold  together  well  in  the  fire.  No  smoke;  see  briq netting  teat  127  (p.  2G4) 
for  comparative  data.  No  clinker;  a  laii^e  amount  of  ash  resulted,  due  to  the  crum- 
bling of  the  briquets  and  ths  falling  c»f  the  loose  particlea  through  the  grate. 


TENNESSEE. 


Bitimiinoua  coal  from  Fork  Ridge,  Claiborne  Countr,  on  the  Louis- 
ville and  Nashville  Railroad,  w^as  designated  Tennessee  No.  1,  The 
Goal,  aa  worked  at  a  depth  of  52  feet  at  tlus  place,  arerages  4  feet  3 
inches  in  thickness. 

This  sample  consisted  of  run-of-'mine  coal,  was  shipped  under  the 
supervision  of  W.  J,  Von  Borries,  and  was  used  in  making  steaming 
tests  344,  345t  and  346;  also  steaming  tests  409  and  411  on  briquets 
made  from  washed  coal;  producer-gas  test  115;  wasliing  test  171; 
coking  tests  133  (raw)  and  153  (washed  );  cupola  testa  99,  126,  and 
128;  and  briquet  ting  test  130  (w^ashed  coal). 


TESTS TENNESSEE. 
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Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2907 
was  taken  4,000  feet  northeast  of  the  slope,  where  the  coal  measured 
4  feet  4  inches  in  thickness.  Sample  2908  was  taken  4,400  feet  east 
of  the  slope,  where  the  coal  measured  4  feet  3  inches  in  thickness. 

CHEMICAL  ANALYSES. 

Tennessee  No.  1. 


Mine  samples. 


_L 


Laboratory  No 2907 

Air-drying  loss I      1. 80 

Proxiniate:  I 

Moisture 3. 71 

Volatile  matter 35i61 

55.94 
4.74 
1.28 


Fixed  carbon. 

Ash 

Sulphur 

Ultimate: 

Hydrogen *. . 

Carbon 

Nitrogen 

Oxygen 

Ash 

Sulphur 

Calorific  value  (as  received) : 

/calories. 


2908  I 
1.80 

3.66 
34.58 
54.93 

6.83 
.99 


Determined. 


-\B.  t.  u... 


Calculated  from  ulti-j calories, 
mate  analysis \B.  t.  u. 


7,669 
13,804 


Cur 
sam- 
ple.'* 

3016 
3.00 

4.81 
32.91 
51.13 
11.15 

1.58 

5.13 
69.22 

l.(iO 
11.32 


344. 


345. 


Steaming  tcsts.b 
409. 


346. 


411. 


6,983 
12,a»9 

6,907 
12,433 


4.81 

4.06 

32. 91 

33.80 

51.13 

50.97 

11. 15 

11.17 

1.58 

1.67 

4.83 

4.84 

72.72 

72.71 

1.68 

1.68 

7.40 

7.39 

11.71 

11.64 

1.66 

1.74 

4.20 
31.75 
50.02 
14.03 

1.45 

4.(i8 
70.37 

1.63 

7.17 
14.64 

1.51 


I 


2.62  i 

37.09 

54. 32 

5.97 

1.17 

5.08 
79.02 
1.70 
6. 87 
6.13 
1.20 


1.99 

3»i.  5<) 

.>!.  14 

7.30 

1.12 

•1.84 
77.  39 
1.53 
7.64 
7.46 
1.14 


a  Sample  from  steaming  test  344  treated  as  car  sample. 

b  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  Miuipie. 

STEAHINO  TESTS. 

Tennessee  No.  1  (run  of  mine). 


I  I 

Test  344.  ;  Test  345.    Test  346.    Test  409.    Test  411. 


Size  as  used: 

Over  3  inches per  cent. .  38. : 

Over  2  inches : do 

Over  1  inch do 24. 5 

I  inch  to  1  inch do. . . .  14. 7 

finch  to  i  inch do....  8. 8 

Under*  inch do....  13.8 

Duration  of  test hours. .  10. 0 

Heating  value  of  fuel B.  t.  u.  per  pound  dry  fuel. .  13,207 

Force  of  drafX: 

Under  stack  damper inch  water. .  0. 55 

Above  fire do —  .15 

Furnace  temperature °F. .  2,499 

Dry  fuel  used  per  square  foot  of  grate  surface  per 

hour pounds. .  20.  si 

Equivalent  water  evaporated  per  square  foot  of 

water-heating  surface  per  hour. .'. pounds . .  3. 70 

Percentage  of  rated  horsepower  of  boiler  developed.  103.  7 

Water  apparently  evaporated  per  pound  of  fuel  as 

fljTBd pounds. .  7. 05 

Water  evaporated  from  and  at  212®  F :  ^ 

Per  pound  of  fuel  as  fired pounds. .  8. 47 

Per  pound  of  dry  fuel , do  —  8. 90 

Per  pound  of  combustible do !  10. 31 

EflSdency  of  boiler,  including  grate per  cent . .  65. 08 

Fuel  as  fired:  I 

Per  indicated  horsepower  hour pounds . .  3. 34 

Per  electrical  horsepower  hour do 4. 12 

Dry  fuel:  I 

Per  indicated  horsepower  hour do — '  3. 18 

Per  electrical  horsepower  hour do. ...  i  3. 92 


40.8 


17.1 
19.1 
9.8 
13.2 
7.28 
13,207 

0.80 

.18 

2,458 


3.98 
111.7 

7.00 

8.42 
8.77 
10.23  ' 
64.  13  I 

3.36  : 
4.15  I 

3.22 
3.94 


43.8 
27.2 
12.4 
7.4 
9.2 
7.03 
12,773  ' 

0.74  i 

.20 
2.393 


3.90  I 
109.5  I 


Seep.228|  See  p.  228 


I 


7.02 

8.43 
8.80  ; 
10.  .53  I 

3.35  I 
4.  14 

3.21  ! 
3.97 


10. 08 
14,092 

0.65  I 

.13 
2,4<i8  ' 

20.02  I 

3.9,'i 
110.3 

8.23  I 

9.59 
9.84 
10.  5S  ' 
67.43 

2.  95 
3.64 

I 

2.87 
3.55  I 


•1.  48 

1:^.000 


0.  «•.'_> 
.  10 


4.80 
134.7 

S.  44 

0.  S,S 
10.  03 
10.  0.S 

60.  (1.S 

'2.  S.S 

2.  82 
3.48 


Remcarks, — ^Teets  409  and  411  on  English  briquets  broken  in  two,  wliich  burned 
with  a  long  flame  and  gave  a  very  hot  fire,  with  little  smoke*.  They  cracked  open  to 
a  depth  of  about  IJ  inchee,  but  coked  and  held  together  until  entirely  consumed. 
Ko  clinker;  fine  brown  aah. 

l^m—Bun,  No.  332— OS IS 
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ING  ^LANT,  I90fl-1. 


FEODUCEE-OAS  TEST. 

Tennessee  No.  1  (run  of  mine). 

Test  i  1^. —Duration  of  U^l,  oO  hours.      Averag<i  dt*trtjio4il  HomepowerT  16&*      Aver* 
iigc  B.  t.  u.  per  cubic  foot  of  gite,  154*5,     Total  coal  fired,  12^300  poundet. 


CombuA- 


Cool  comuBffletl  in  pntdueer  prr  harKepow^r  Imur  ipomndx}. 


Pef  elect ricftl  horj»i>ow(?r  (leiFelonMi  at  EfWiif^hbcNiLrd, 


Kqtiivoirnt  tt^rf/  hu  prodHi^er  plant  {poundA}^ 


Vttt  dectiicflJ  horsopowpr  dniratopcd  ai  ffwitchlKwtnl. 
per  bi&ke  borsepower  dcvulopW  Ht  OQglBe-  - . . .  ^ . ,  ^  . 


1.24 


1.33 

1.12 


Analyses. 


C^ol^ 


MoWiirt!,^..,.. -**,..— *..,...*,,.-.,*,..„*    2.12 
^olAtUe  matter. ., _—-.,-, -.-_  3L81 

Aih .,...-.. .,„-.,  ja.2T 

5ill|dllir>.., 1.26 


Cwrbcin  dloxldo  (COs>.„ ..._.,^_,„.,    lO.O 

CttrlKin  moDoxide  (COj, _,*..._..„.    10.* 


Hydrogun  (IliJ-... lft.3 


WASHING  AKB  GOKOTQ  TESTS. 

Tr'tmesaee  Mo.  1  (nm  of  mille^ 

TFcw/iin^  test  171. — Size  as  used,  crushed  to  2  inches,  jig  u-sed,  Stewart.     Raw  coal, 
21,600  pounds;  washed  coal,  18,600  pounds;  refuse,  3,000  pounds. 

CoHtuj  teats. 


Test 

133 

(raw). 


Size  as  used 

Duration  of  test hours. 

Coal  charged pounds. 


Coke  produced Lrcent: 

Breeze  produced (P^; 


f.  c. 

49 

12,000 

7,720 

64  .-33 

347 


Total  yield do. ... '       67.22 


Te^t 
153  (w.). 


f.  c. 

43 

11,900 

7,270 

61.09 

273 

2.29 

63.38 


Remarks. — Test  133:  Light  gray  and  silvery;  strong,  hard,  heavy  coke.     Test  153: 
Light  gray  and  silvery;  good,  strong,  heavy  coke;  washing  reduces  a,sh  and  sulphur. 

Ajialyses. 


Moisture 

Volatile  matter. . 
Fixed  carbon  — 

Ash 

Sulphur 


Washing  test  171. 

Raw       Washed 
coal,  a        coal. 


4.81 
32.  91 
:)1.13 
11.  15 


-).  28 

:>.  33 

1.32 

Coking  test  133. 
Coal.  Coke. 


3.71 
32.  81 


11.79 
1.58 


Coking  test  l.'V3. 
Coal.         Coke. 


0.93 

.77 

89.61 

8.69 
.93 


0.37 

4.86 

.73 

35.06 

83.00 

:a.  72 

15. 90 

5. 36 

1.35 

1.17 

"  Sample  taken  from  stcjiming  test  344. 
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Cupola  tests  of  coke  made  from  Tennessee  No,  1  coal  (washed). 

CHARGE. 


Cupola 
test 
No. 


126 


128 


Coke. 


Teat 
No. 


Specific 
grav- 
ity. 


133 
153 
153 


1.96 
1.87 
1.87 


Phos- 
phorus. 


Perct. 
0.0238 

.0253 

.0253 


Ratio 

iron 

to 

coke. 


Fluld- 

strip 
fuU. 


Perct. 


97.22 


Materials. 


Divisions  of  charge. 


(Coke 

{Pig  iron . 

[Scrap , 

(Coke 

92.00  [{Pigiron.. 

[Scrap 

ijCoke 

99.9    !{  Pig  iron.. 

[Scrap 


I 


Lbs. 
190 
570 
190 
200 
(500 
200 
200 
600 
200 


2. 

3. 

Lbs. 

Lbs. 

60 

60 

420 

420 

140 

140 

57 

57 

412 

412 

137 

137 

58 

58 

413 

413 

138 

138 

Lbs. 

60 
420 
140 

58 
413 
138 

57 
412 
137 


Lbs. 

60 
420 
140 

58 
413 
138 

57 
412 
137 


Total. 


Lbs. 
430 

2,2.^)0 
750 
430 

2, 2.M 
7o0 
430 

2,2^)0 
7r)0 


RECORD  OF  MELT. 


Cupola 
test 
No. 


126 
99 
128 


Blast  pressure. 


9.58  a.  m. 
8.47  a.  m. 
3.11  p.  m. 


Max- 
imum. 


Oz. 

7 
7 
7 


Iron 
run- 
ning 
in— 


Min. 
10 
7 
5 


Weight  of  iron. 


Poured. 


Lbs. 
1,240 
1,443 
1,833 


Addi- 
tional 
melted. 


Lbs. 
244 
563 
210 


Total. 


Lbs. 
1,484 
2,006 
2,043 


Time. 


Min. 


LADLE  RECORD. 


Melting. 


Rate 

per 

hour. 


Lbs. 
2,698 
3,540 
3,605 


Ratio 
iron  to 
coke. 


4.67 
6.19 
6.57 


Loss. 


Perci. 

5.80 
11.60 

6.26 


Recov«»n*d. 
Iron.  Coke. 


Lbs. 

1,342 
64<i 
769 


Lbs. 
112 
106 
119 


7.. 
8.. 
9-. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20- 
21. 
22. 
23. 
24. 


La^le  No. 


Test 

126. 

Pounds. 

Time 
(a.m.). 

85 

10.13 

95 

10.19 

98 

10.19i 

82 

10.20 

82 

10.22 

81 

10.22i 

76 

10.23 

68 

10.28 

95 

10.28i 

74 

10.29 

108 

10.34 

71 

10.34i 

87 

10.3.5 

53 

10. 3.'>i 

85 

10.41 

Tests 


Pounds. 


61 
02 
51 
51 
61 
43 
58 
52 
42 
88 
50 
45 
73 
43 
60 
62 
35 

111 
63 
39 

100 


9.05 

9.06 

9.09 

9.10 

9.11 

9.12 

9.13 

9.14 

9.15 

9.16 

9.16J 

9.17 

9.18 

9.19 

9.20 

9:21 

9.22 

9.23 

9.24 

9.25 

9.26 

9.27 

9.27i 

9.28 


Test  128. 
Pounds. 


65 
110 
100 

75 
104 
117 

41 

91 
108 

72 

98 
108 

87 
123 

92 

03  I 

92  I 
103 

85 

m 


Time 
(p.m.). 


3.29 
3.2<)i 
3.30 
3.32 
3.  32i 
3. 33 
3. 3:)i 
3. 3i\ 
3.  36i 
3.38 
3.39 
3.40 
3.40i 
3.41 
3.  46 
3.  46i 
3.47 
:i  49 
3.  nO 
3.  51 


ReTnarks.—Teai  99:  Iron  very  hot.     Test  128:  Blast  off  i  minute. 


Tenneesee  No.  1  (run  of  mine). 


Te^t  130.— Siz^  &B  MS/ed".  Over  J  inch,  2.5  per  cent;  ^'^  inch  to  }  inch,  7.7  per  cent; 
^  inch  to  jV  mch*  17-8  per  cent;  jj^  inch  to  aV  intrh,  24.1  per  cent;  tlm>ugh  ^  inch, 
47,9  per  cent.  Kind  of  b indent  water-gaii  pitch  (lab.  Nt^  3410,  p.  40).  Weight  of 
fuel  hri<|uetted,  18|600  poiind±J.  B.  t.  u.  per  piund  of  C(»a]  as  ruceivtd.  12,569;  per 
pciund  of  briquets  as  fired,  13,723;  per  ptmnd  of  binder,  1(>,47H.  Weathering  test: 
Days  eipost^d,  201;  condtttoii,  B.  Fur  analyses  of  briquets  see  page  225  (f^teaniing 
leste4t>9and  411). 

Englifih  briquet.^  with 5 and  H  percent  binder  majtle  at  17t>.6^F,t  avemge weight, 3.28 
pt»unds,  were  good  and  firmi  t^lges  and  Kurfat^es  harder  with  6  per  cent  than  with  5 
per  cent  bindej.  Fraciuren  tif  both  were  Kharp  and  elear.  In  t)ie  drcip  test  with  5 
pff  cent  l^inder  the  l4nch  Bcreen  held  84.4  per  cent  and  passi^d  15. (i  pTT  cent. 

Renfrf>w  briquets  made  at  H^'^  P.,  average  weight  0.5  jKnind,  with  6  and  (».5  pejr 
cect  binder^  showed  dull  fraettite;  edges  broke  eaf^ilj%  pnrfacw  Uio  soft.  Thtiwc  made 
with  7  per  cent  binder  were  eiatisfactory;  fracture  clear;  edges  wharp;  briquetu  brtike 
without  crumbling. 


nttA. 


LaborHtory  No.  ,,..,.-,.*-.-, , 

Alr-diyiniK  ]<ms..  .  ^ ,  ^.- . .,_ . 

Kitraetod  by  CS^; 

Air  drtod, -..***., ...,«  — 
Ah  recBiTed... - 

Pilch  m  briquets  ha  recelTJKL. 


.pcircHat. 


.do. 


3110 


791.96 


^.m 


2.15 


1.00 

4.54 
3.07 


TET^K158SEK  KO.  2* 


Bituminoita  coal  from  a  mine  located  2  J  mites  northeast  of  GatliiT^ 
Campl>ell  County »  on  the  TjoiUHville  and  Nashville  Railrtmd,  wns 
designated  Tennessee  N(*,  2.  The  {■<ml,  ms  worked  fro  in  the  uutcTop 
at  this  place  J  averages  3  feet  6  inches  in  thi<*kness. 

This  sample,  eoiisisting  of  ruu-of^rniite  {-oal  loaded  under  the  super- 
vision of  John  W.  Groves,  was  used  in  [nakin;^  s teazling  testji  367, 
368,  and  369;  producer-gas  test  107;  coking  test  12  7,  and  cupola 
tests  KM)  and  140. 

Two  mine  samples  were  taken  for  chemical  analyses.  Sample  2931 
was  taken  6S7  feet  northeast  of  the  opening,  where  the  eoal  meas- 
ured 3  feet  S  imdies  in  thickness.  Sam  pi*'  1*932  was  taken  (>7.S  feet 
south  of  the  opening,  where  the  coal  measiired  3  ffct  7  inches  in 
thickness.  -f 
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CHEMICAL  ANALYSES. 

Tennessee  No.  2. 


Laboratory  No 

Air-drying  loss 

Proxiinate: 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 

Ultimate  : 

Hydrogen 

Carbon 

Nitrogen 

A^f^::::::.:::::.::::. 

Sulphur 

Calorific  value  (as  received) : 

Determined 


Mine  samples. 


I  Car  sam- 


fcalories.. 
\B.  t.  u... 
Calculated   from   ultimate /calories., 
analysis \B.  t.  u. . . 


2931 
1.50  I 

3.61 
37.29 
55.69 

3.41 
.83 


2932 
1.20 

3.19 
38.08 
56. 35 

2.38 

.88 


3129 
3.20 

5.09 
35. 79 
52.31 

6.81 


5.39 
73.54 

1.75 
11.53 


Steaming  tests. '> 


367.       I      368. 


7,850  1 7,386 

14,130  I '       13,295 

7,325 

13,185 


4.68 

5.09 

5.17 

36.00 

35.79 

a'i.  5.5 

53.39 

52.31 

52.  85 

5.93 

6.81 

6.  43 

.98 

.98 

.  95 

5.13 

5.08 

5.10 

78.28 

77.48 

77.84 

1.87 

1.84 

1.8<i 

7.47 

7.39 

7.42 

6  22 

7.18 

i\.  78 

1.03 

1.03 

l.()0 

I 


a  Sample  from  steaming  test  368  treated  as  car  sample. 

b  Proximate  analysis  offuel  as  fired;  ultimate  analysis  of  dry  fuel  ftgiireti  from  car  sample 

STEAMINO  TESTS. 

Tennessee  No.  2  (run  of  mine). 


Size  as  used: 

Over  1  inch per  cent. 

i  inch  to  1  inch do. . . 

J  inch  to  i  Inch do. . . 

Under  J  inch do. . . 

Duration  of  test hours. 

Heating  value  of  coal B.  t.  u.  per  pound  dr>-  coal. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do... 

Furnace  temperature "F. 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent    water   evaporated    per    square    foot    of    water-heating 

surface  per  hour pounds. 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. 

Water  evaporated  from  and  at  212**  F. : 

Per  pound  of  coal  as  fired do. . . 

Per  pound  of  dry  coal do. . . 

Per  pound  of  combustible do. . . 

Elficiencv  of  boiler,  including  grate per  cent. 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do. . . 


t367.u 

Test  368. 

Test  3W<. 

43.2 

42.8 

49.4 

23.9 

18.4 

22.4 

13.0 

12.2 

11.8 

19.9 

26.6 

16.4 

9.97 

9.98 

9.97 

14, 153 

14,008 

14.(Ki9 

0.68 

0.48 

0.  .1;? 

.19 

.11 

.as 

2,788 

2,488 

2.2.i() 

26.41 

19.16 

1.5.24 

4.(x3 

3.65 

2.  {Ki 

129.9 

102.3 

82.  3 

7.10 

7.63 

7.  75 

8.38 

9.06 

9.14 

8.79 

9.54 

9.  64 

9.46 

10.52 

10.  .57 

59.98 

65.77 

♦id.  17 

3.37 

3.12 

:{.  09 

4.17 

3.85 

3.  82 

3.22 

2.96 

2. 93 

3.97 

3.66 

3. 62 

a  Test  run  for  ina-vimuin  capaoitj-. 


PEODirCEB'GAS  TEST. 


Tezint^tfew^o  No.  2  (run  nf  mine). 

7V»i  i07. — DtiraLioii  of  ttst^  50  houra.     Avpragp  electrical  horaepower,  20U3i     Avt?i- 
age  B- 1.  \u  per  mine  ft>ot  of  ga**,  167,9.     Total  erjal  firpd»  11,250  poundet 


Dryeoftl, 


Com- 


Per  Bl<||^ric&^  boraopowert 

Dpveifppotfl  ftt  erwitlyliboftrd *..•.--.-...-..«-.-«.— -.---,,-,-. 

Per  Ijmko  borsppowfjr:  - 

Devulupt^l  at  euglni^, . .  ^ .,♦  ^  *,.,.*  .^, ,  ^ .,, .  •,,,•,,. 


Bivimieiit  uii0d  hi^  urodnerr  jilom  ipotmdi?^. 


V^it  utwjtricAt  horsepowers 

C'otntni^fc-'lftliy  itvallnbLe 

DavWo|M>t1  at  swllfhl>o«rd. 

V^T  brtukt'  FitprBppowisrT 

4'oiJitiierF^liiJJy  livalJublfi. 


J>9Vlldtip(Ki  lii  U31gll1«. 


LIS 


too 

.96 


1.30 
L24 


Lll 
LOS 


*67 
«02 


1.36 
1,30 


1.07 
1.02 


urn 

1.03 


Mi 


Loa 


jin«fj/jw*. 


[:ilal. 


Kolstufu -,.,-,..,..    a.  40 

Aidi*,.* ->-i.,-t — ,^.,,,^-"*-*-^^^--    475 

l*ul|i4iijr. ,,,„,. .*^^,,,...*^.r^ .^T 


OttKby  totitme. 


CArbon  riioilde  tCOi) 

Cftrbon  moijojcijie  (COJ.. 

Hydrpgen  (H(J ,_--.__ 

Methane  (CHi}..,.,„ ^ 

Nitrogen  {Ni^ .....*. 1 


10.9 
2-2 


COKING  TEST. 


Tonnossee  No.  2  (run  of  mine). 
Test  127. — Sizo  as  used:  Raw,  finely  crushed.  Duration  of  test,  54  hours.  Coal 
charged,  12,000  pounds.  Coke  produced,  7,213  pounds;  fiO.ll  per  cent.  Breeze 
pnxluced,  343  pounds;  2.8G  per  cent.  Total  yield,  02.97  per  cent.  Fine-fingered 
coke;  very  })rittle  and  })reaks  very  easily  on  handling;  light  gray,  with  large  carbon 
deposit. 

Analyses. 


('f>al.      Coke 


Moisture :      3. 5<»  ' 

Volatile  matter 3<i.  53 

Fixed  carbon .'io.  32 

Ash 4.59 

Sulphur 95 


1.13 

91.00 

7.23 

.78 


Cupola 
te.st 
No. 


100 
140 


(Uipola  tests  of  eoke  made  from   Temie.ssee  Xo.  2  eoal. 
ClIARciE. 


Coke 


Ratio 


Flnid- 


i-st      Spooific  iron  to       "_^ 


No. 


grav 
ity. 


1.81 
l.Sl 


1  to  ; 

I  to  ' 


Pt  r  cf. 
99.9 


Coke.... 
Pig  iron. 
Scrap. . . 
Coke.... 
Pig  iron. 
Si^'rap. . . 


Divi.s 

ions  of  { 

barge. 

1. 

-• 

3. 

4. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

190 

(K) 

00 

00 

570 

420 

420 

420 

190 

140 

140 

140 

190 

00 

GO 

GO 

570 

420 

420 

420 

190 

140 

140 

.« 

Lbs.   I  Lbs. 

GO  ;  430 

420  1  2,2o0 

140  I  750 

GO  1  430 

420  2.250 

140  750 


t*  Phosphorus  In  coV-O:  ^.Wf^A  \Hit  eviwV. 


TESTS TENN  ESSEE. 
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Cupola 
test 
No. 

Blast  presaure. 

Iron 
run- 
in— 

Weight  of  iron. 

Melting. 

Recoverod. 

Onat— 

Max- 

imum. 

Poured. 

Addi- 
tional 
melted. 

Total. 

Time. 

Rate 

per 

hour. 

Ratio 
iron  to 
coke. 

Loss. 

Iron. 

Coke. 

100 
140 

1.20  p.m.... 
2.47  p.m.... 

Oz. 

7 

7 

Min. 

7 
6 

Lbs. 
1,551 
2,060 

Lbs. 
556 
270 

Lbs. 
2.107 
2.350 

Min. 
33 
34 

Lbs. 
3.830 
4.147 

5.79 
5.97 

Per  ct. 
6.46 
5.77 

Lbs. 
699 
477 

Lbs. 
36 

LADLE  RECORD. 


Ladle 
No. 

Test  100.           1           Test  140. 

Test  100. 

Test  140. 

Pounds. 

Time 
(p.  m.). 

Pounds. 

Time 
(p.m.). 

2.59 

3.01 

3.01i 

3.04 

3.07 

3.07i 

3.08 

3.10 

3.10) 

3.11 

3.13 

3.13) 

3.15 

NO.        Pounds,     (p"- 

Poimds. 

Time 
(p.  in.). 

1 

52 

1.35 

1.36J 

L40 

1.40J 

L41 

L42 

1.42J 

L43 

L46i 

1.46 

L46i 

1.48 

1.48i 

28 
110 
44 
90 
78 
106 
102 
80 
101 
82 
83 
78 
83 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26.. 

51 
61 
53 
50 
81 
58 
46 
82 
49 
49 
60 
58 

1.49 

1.50 

1.50) 

1.51 

1.52 

1.52) 

1.53 

1.55 

1.55) 

1.56 

1.59 

2.00 

107 
61 
80 

HI 
57 
79 

108 
71 
77 

101 
57 
63 
43 

3. 15i 

2 

34 
64 
70 
52 
94 
79 
73 
80 
67 
60 
68 
60 

3.16 

3 

3.18 

4 

3.18) 

5 

3.19 

6 

3.21 

7 

3.21) 

8... 

3.22 

9 

3.23 

10 

11 

12 

13 

:i.  23) 
3. 24 
3.2(i) 
;i.27 

Remarks. — Test  100:   Iron  very  hot  and  fluid.     Test  140:  Iron  medium. 


TENNESSEE  NO.  3. 


Bituminous  coal  from  Gatliflfe,  Campbell  County,  on  the  Louisville 
and  Nashville  Railroad,  was  designated  Tennessee  No.  3.  The  coal,  as 
worked  at  the  outcrop  at  this  place,  averages  4  feet  6  inches  in  thick- 


ness. 


This  sample,  consisting  of  run-of-mine  coal,  shipped  under  the 
supervision  of  John  W.  Groves,  was  used  in  making  steaming  tests 
349  and  350;  producer-gas  test  106;  coking  test  128,  and  cupola 
test«  104  and  139. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
2929  was  taken  500  feet  south  of  the  drift  mouth,  where  the  coal 
measured  5  feet  2  inches  in  thickness.  Sample  2930  was  taken  1,050 
feet  southwest  of  the  drift  mouth,  where  the  coal  measured  4  feet 
5i  inches  in  thickness. 


REPORT    U.  S,  FUEL-TEST  I  NlS    Fl.AKT,  IWe-^l* 


Mine  aunplE^, 

Car 

aampiM.* 

IHiBsmM^t«itA.» 

- 

3tt. 

350. 

Alr^rylaglo«,.„,..„ ._ 

^m-m.-.m---- 

to,  31 
1.13 

2m 

aM0 

mil 

-._.....___..^...^ 

rrosinmti*: 

UoUlrtm. ,„......, ,_,,     ...... 

VoJutde  mAtter- ..  _ 

FlxtMl  {^srlicni .  .   

..  ..      .: 

3i.M 

7*.J2 
7.« 

!:£ 

6.<T 

A«h ,.„. . 

7.48 

Sulphur.,. ►*-*-!. -1,.,  *t,^  ., 

1.13 

£.14 

Cflritoji..,..,., 

Nltnigiwi 

aJ^!^-!';.  .::;;.     .: 



75.  «Q 
7.91 

i^ulptiiir ,,,.  ,^, *„»...., 

1.31 

7,m 

R(MS 
7.33ft 

C'<tilpTJlAtM  trtnii  tilttntiit^^  Mitalf  His  < 

"'**"'-^ 

•  \».l.u.*,. 

F 

STEAHING  TESTS. 
TeniiesHi^f*  Nn.  H  (run  i>f  mine). 


OvL^r  n  iufihiw ,  T  ^  „.,„,, , *^-^  .i^. , ... , .  - .. . . .  ,^^.  .per  oenl.. 

Ovpr  1  Inoh w,,^. -.-,,,,..,,,,,,,..... .do.^., 

J  tnch  tfl  I  inch...... ,.,.,.,-....,...,.,.*......, do,,,. 

I  inch  to  I  Inch....... ... ^....__ .... ....-do^_.. 

*      Under  |  ioch.  ....„..,*...,  ^. . ,. , , *.....  .dO;_.. 

Doratlcm  of  teal............. litKun  , 

Heating  vaJup  of  eo&l .,.,.,.......*-. B.  t.  u.  per  pnond  dry  Doid .■ 

Foltiiordrikft: 

IJtiflor  BtHfk  dampi^r, . , . . . inch  wutei* . , 

Above  flrp. ......,......._ ..,». ., ndc*.,., 

Fnmnct*  lempi^rrtiurp ... .....,,.,.. "F., 

Dry  c.'Ofil  uwd  per  Hquune  foot  of  grate  mirrscie  per  hour. ..  .|K»undis... 

E(julvflkmi  wttti^r  ^vupofB  1*^(1  p^r  nquarr  foot  of  waier-listttliig  dorCsc^  ppr  hour, 

pounds .  ^. . . . 

PercontMjgi^  of  mipd  horsppowpf  of  Itoileir  cln veloped ,...,.,_ . . ,  — ....... 

Wftter  ttppiiTCtiitly  t*viiporiityd  pcT  pounil  at ooaf  »3  fiiod _. pt^Ltuds.- 

WftU?r  i^viipnrii.tod  fron^  iind  at  :fl2^  F-: 

IVr  [KiLind  of  coal  11*  flnicL , ..,.....,,.*,,...  do    . , 

P<if  poitnd  of  d^'  coftl ......  l .do.  - .  * 

Per  puimd  of  cotiihusstibji^.. . __ _ .  .do.  .,^ 

Ellick'ricy  of  bode r,  inohiding  gmti?....... ..peroent., 

Coiil  a^  Jircd: 

Per  fndicattiii  borsepo wi^r  hour^ ... ..... poimdH. . 

Per  hlt^'lrloitl  hnfrti.^pciu-i^f  hour .... ... - -  -  -  -  t  -  - fhi- , . . 

Dry^otil: 

IVr  iodki.^rttrfl  horsriHi w!t  hcmr ,. ^ .,.,,,,, ,^. . * . ; ... ,5,;,*   . v, ; . .  .do. , . . 

Per  eloclrienl  borscpowLT  hoor ... i ^  * .  1  *.   . . .  ± . » ....  .do. . . . 


PHt  :m. 

Ti*at  ,tW- 

1 

«T.S 

j»a 

1«,3 

20.0 

fi.4 

».i 

2.7 

4.fi 

4.S 

7.2 

11.07 

10.0 

33,7Sft 

13,  ®B 

0.57 

o.ao 

.14 

.14 

%m 

2,5t£i 

21.70 

21.tjr< 

3.75 

4.07 

iaa.o 

114,0 

ti.Sl 

7.31 

ajs 

».82 

fi.ti^S 

9.43 

».-» 

10.3.5 

5o.a 

06.53 

3.4U 

3.21 

4,27 

3.W 

3.37 

3.00 

4.04 

3.70 

TESTS — TENNESSEE. 
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PBODUCEB-GAS  TEST. 

Tennessee  No.  3  (run  of  mine). 

Test  106. — Duration  of  test,  50  hours.     Average  electrical  horsepower,  201.     Aver- 
age B.  t.  u.  per  cubic  foot  of  gas,  159.7.     Total  coal  fired,  12,950  pounds. 


Coal  as 
fired. 


Dry  coal. 


Com- 
bustible. 


Coal  consumed  in  producer  per  horsepower  hour  {pounda). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commerclallv  available 

Developed  at  engine 

Equivalent  used  by  producer  plant  (pounds). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  norsepower: 

C^nmiercialfy  available , 

Developed  at  engine 


1.38 
1.29 


1.17 
1.10 


1.50 
1.40 


1.27 
1.19 


1.31 
1.23 


1.11 
1.04 


1.42 
1.33 


1.21 
1.13 


1.22 
1.14 


1.04 
.97 


1.32 
1.24 


1.12 
1.05 


Analyses. 


Coal. 


Moisture 4.88 

Volatile  matter 34. 84 

Fixed  carbon. 53.  67 

Ash 6.71 

Sulphur 1.10 


Oas  by  volume. 


Carbon  dioxide  (C0|) 9. 8 

('arbon  monoxide  (CO) 20. 2 

Hydrogen  (Hi) Ki  5 


Methane 


Q  (H,) . 
(CH,). 


2.4 


Nitrogen  (Ni) 50. ' 

Ethylene  (CiH^) 4 


COKING  TEST. 

Tennessee  No.  3  (run  of  mine). 
Test  128. — Size  as  used:  Raw,  finely  crushed.     Duration  of  te^t,  42  hours.     Coal 
charged,  11,280  pounds.     Coke  produced,  7,136  pounds;  63.26  per  cent.     Breeze  pro- 
duced, 394  pounds;  3.49  per  cent.     Total  yield,  66.75  per  cent.     Fingered  coke;  light 
gray,  with  large  deposit  of  carbon. 

Analyses. 


Moisture 

Volatile  matter. 

Fixed  carbon 

Ash 

Sulphur 


Coal. 


4.32 

33.90 

55.56 

6.22 

1.05 


Coko. 


0.G7 

.SI 

S7.44 

11.08 

.S8 


(\ipola  tests  of  coke  made  from  Tennessee  No.  S  coal. 
CHARGE. 


Cupola  {- 
test 
No. 


Coke.o 


Test 
No. 


104  ' 

I 

139 


128 
128 


Specific 
grav- 
ity. 


Ratio 
iron  to 
ooke. 


1.87 
1.87 


Fluid- 
ity 
strip 
full. 


Perct. 
95.83 

97.81 


Materials. 


Coke 

Pig  iron I 

Scrap I 

Coke I 

Pig  iron | 

Scrap 


Divisions  of  charge 


Lbs. 
190 
570 
190 
190  ; 
570 
190  I 


I 


«^©»" 

Total. 

2. 

3. 

4. 

5. 

Lbs. 

Lbs. 

Lbs. 

LbM. 

Lbs. 

00 

GO 

GO 

GO 

430 

420 

420 

420 

420 

2. 250 

140 

140 

140 

140 

750 

(JO 

GO  ' 

GO 

GO 

4.30 

420 

420 

420 

420 

2. 2r)0 

140 

140 

140 

140 

750 

o  Phosphorus  in  coke,  0.0125  per  cent. 


RKPOBT  Tf.  S.  nTET^TESTlNQ  PLANT,  lfK)fl^T. 
HKCDRD  OF  MELT. 


Ma- 

BU*t  prMium* 

Iron 

Wpi^lofiron. 

Mailing. 

R^eovipppd, 

Onftt^ 

Mut- 

1,477 
1,91» 

Addi- 
tional 
melted. 

T^tal 

Tlmff. 

Rftte 

pel 
Tionr. 

HAtto 
iron  to 
coke. 

LcuM. 

Iron. 

Cflke. 

iS 

l(kl»a.m.„ 

0£. 

LbE. 

m 

m 

l.OOC 

Min. 

Lh4. 

3,2ex 

4,085 

Peri?*. 
eueo 

Lfef, 

LJIDLE  RECORD. 


Test  104. 

Test  13B, 

LuOftNt). 

TeitlOl* 

T«at  1^. 

Ladlc^No. 

Pouodfl. 

Time 

IVwiftd*. 

roandfl. 

TlttUJ 

■• 

Pcrtwiil*- 

1_ ,. 

«4 

ea 

7T 
h3 

no 

4^ 
(H 
(il 
50 
42 
M 

9^211 
9.22 
5,24 
9.2S 
0.25  J 
9.3f 
9.3]} 
ft.  32 
9.3fi 

9.3«4 

m 

81 

»i 

lOl 

S7 

in 
m 

301 

10.  M 

m,m 

iLcn 

11,02^ 

nj«i 
ii/orr 

11.094 
IL  10 
1113 

11.1^4 

15. 

m 

1  n 

i». 

[  i». 

20, 

§::;::::: 
;  23 , 

,  24 , 

S:::::::: 

2T 

36 
im 

30 
42 
77 
41 
3S 
74 
24 
S^ 
153 
27 

9.10 
«LI04 
9.M 
9.12  : 

9.42^ 
9.43 
9.44 
9.444 
U.42i 

g.fii 

76 
115 
110 

a5 

1L17 

a 

I J.  174 

11  18 

f::-;:: 

11.23 

lt23i 
11.24 

8,*,w..*. 

9,..-,.,.. 

10... 

11.. 

« 

18* ., 

f^-^'^-i-w. 

14 , 

/?fmrtrJ[-,»f.— Test  104:  Iron  hot  and  fluid.     Test  139:  Iron  hot. 


Bituminous  coal '  from  a  mine  located  3  miles  north  of  Oliver 
wSprings,  Roane  County,  on  the  Louisville  and  Nashville  Railroad, 
was  desi«:nated  Tennessee  No.  4.  The  coal,  as  worked  at  the  outcrop 
at  this  place,  averages  4  feet  8  inches  in  thickness. 

This  sample,  consisting  of  run-of-mine  coal,  loaded  under  the  super- 
vision of  John  W.  Groves,  was  used  in  making  steaming  tests  355, 
356,  and  (on  briquets)  405;  pro(hicer-gas  test  111;  coking  tests  125 
and  129;  cupola  tests  102,  105,  and  138;  and  briquetting  tests  120  and 
(mixed  with  miscellaneous  No.  5,  p.  292)  150  and  151. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
2956  was  taken  1,300  feet  northeast  of  the  drift  mouth,  where  the  coal 
measured  4  feet  5^  inches  in  thickness.  Sample  2957  was  taken 
2,000  feet  south  of  the  drift  mouth,  where  the  coal  measured  5  feet 
2  inches  in  thickness. 


TESTS TEi^NESSEE. 
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CHEMICAL  ANALYSES. 

Tennessee  No.  4. 


Mine  samples. 

Car 
sam- 
ple.o 

Steaming  tests.b 

Briqu 
tes 

150. 

etting 
ts.<- 

355. 

3*. 

405. 

151. 

Laboratory  No 

2956 
1.90 

3.25 
35.63 
54.51 

6.61 

.85 

2957 
1.70 

3.12 
35.15 
65.52 

6.21 
.86 

3058 
4.70 

6.39 
32.32 
51.76 

9.53 
.98 

5.41 
70.16 

1.56 
12.36 

3380 

^it)7 

Air-drying  low 

Moisture 

6.39 
32.32 
51.76 

9.63 
.98 

5.02 
74.95 

1.67 

7.13 
10.18 

1.05 

5.72 

31.78 

51.91 

10.59 

.92 

4.96 
74.13 
1.64 
7.06 
11.23 
.98 

2.88 
35.78 
53.84 

7.50 
.91 

4  73 
77.93 
1.79 
6.89 
7.72 
.94 

2.55 
31.91 
57.42 

8.12 
.92 

4.34 
78.53 
1.71 
6.15 
8.33 
.94 

2.71 

Volatile  matter 

2<).  50 

Fixed  carbon 

.58  41 

Ash 

9.  '.V2 

Sulphur ^ 

.  9."{ 

Ultimate: 

4  I'l 

Carbon 

7S.  4() 

1  C7 

Oxysen 

5.  t'i) 

AsfifT!;. .....: : 

'.).  .5M 

Sulphur 

.UO 

Calorific  value  (as  received) : 

Determined {^tlT' " 

7,608 
13.514 



6.988 
12.578 

7.023 
12.641 

Calculated  from  ulti-  /calories.. 

1 

1 

1 

' 

a  Sample  from  steaming  test  355  treated  as  car  sample. 

b  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis         _ 

e  Proximate  analysis  of  fuel  as  received;  ultimate  analysis  on  dry  basi 


fr  Proximate  analysis  ol  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  ctir  sample. 
**      .  -  ......  .     .         '      •    sis. 


STEAMIKG  TESTS. 

Tennessee  No.  4  (run  of  mine). 


I  Test  355. 


Size  as  used: 

Over  1  inch per  cent . . 

i  inch  to  1  inch .T do... 

I  inch  to  J  inch do 

Under  i  inch do 

Duration  of  test hours. . 

Heating  value  of  fueL .B.  t.  u.  per  pound  dry  fuel.. 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temperature °F.. 

Dry  fuel  used  per  square  foot  of  grate  surface  per  hour pounds . . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface, 
per  hour pounds . . 

Percentage  of  rated  horseppwer  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  fuel  as  fired pounds. . 

Water  evaporated  from  and  at  212^  F. : 

Per  pound  of  fuel  as  fired do — 

Per  pound  of  dry  fuel do  — 

Per  pound  of  combustible do — 

Effksiencv  of  boQer,  Including  grate per  cent. . 

Fuel  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horseppwer  hour do. . . . 

Dry  fuel: 

Per  indicated  horsepower  hour do — 

Per  electrical  horsepower  hour do — 


20.1 
25.2 
21.0 
33.1 
10 
13.441 

0.74 

.16 

2.584 

21.49 

3.95 
110.8 
7.30 


9.21 
10.39 
66.17 

3.28 
4.05 

3.07 
3.79 


Test  356.a  Test  405. 


32.0  , 
19.0  ; 
19.0  I 
29.4 
9.97  I 
13,288 


0.76 

.22 

2.719 

24. 34 

4.48 
125.  0 

7.48 

8.00 
9.22 
10.53 
07.01 

3.25 
4.02 

.3.07 
3. 79 


Se(vp.2;« 

8.  2 ') 
13,930 

0.04 

.18 

2.2<H 

19.  1(1 

3.  70 
lOf).  ;i 
8.  22 

9.54 
9.82 
10.  79 
08.  0 ') 

2.  9(i 
X  00 

2.88 

;{.  55 


a  Test  made  for  maximum  capacity. 

Remarks. — Test  405  on  briquets,  which  burned  with  a  long  flame  and  cracked  opcMi  to 
a  depth  of  three-fourths  inch;  coked  and  held  together  until  entirely  consumed ;  made 
very  little  smoke.  Fine  gray  ash  of  medium  weight,  with  very  little  ^reen  coal,  loss 
of  coal  falling  through  grate  and  over  bridge  wall  being  very  small. 


PEOimCEE-aAS  TEST, 

Tt^uneetJet*  No.  4  (ran  of  mine). 

Teit  113. — Diimtion  nf  ie&U  ^  hours*     Average  electru?al  horeepower,  XS2.     Aver- 
ngv  \\.  I.  u,  |M*r  i^ubic  foatof  ^a^^  1GL7*     Tot=al  coal  Qr^^  12,150  poimda. 


C<mUfl      Dnrnojil    t'*™!^*"*- 


Voat  ticmwmfd  in  pr&duref  per  hoft£pow4r  hour  ip&fkttd^. 

Pur  plnetricKil  bofsnpower; 

DpVf^lOjH'd  tit  «irl tchtiOM.nl.  .♦-..,.^..,*..^,p, ,„,.,. 

Pit  brake  fiorsejiower; 

Comm«Tc^l[iiJiy  nrftilahle  ■,.,.......,  .,w,.  ^ ^ * .... -..,.,>.,,„, .. 

DL'velopeti  fit  CDgiu*!!-...-      ---  -     ...  --  - ...^ 


Sqa-imUM  laed  hy  prmtw^r  phni  (vtmniUy. 


Commrrcially aTiilliihle  ... 
Dev  doped  tit  iflrltclitigftnl. 
PtfT  brakfi  fiiirsflpowcT: 

l>**¥elo|jed  ill  Qiiglii€ ...... 


LI? 


1,45 


1.31 
MSI 


L37 


LIU 


1.27 
l.t9 


1.27 
t,  is* 


MO 


Anal^^p^. 


fhak 


Volatile  mat ter...- ...i,. *„„..,,  a*. 49 

Fixed  carbon-.,,.. *..*..i_i^.. *...*. ;*......  M.S2 

Ash , .,..,.,.^ 7.40 

StJlphur .  8S 


Oat  6|r  voftim^. 


CirtjondiOJtWefCOnK. 10.1 

CM-bmi  raonoxidf*  CCO), ULO 

Hvdropt^ii  (111).-.  ..........i-*^^,.  =  -.^..^p.,  IG.7 

MMtmnt)  (CilO. *.*..,- 2.4 

NltroMEn  (Nt)..-.... Si,0 

Ethyleue  (CjU/j ,  ,B 


COKING  TESTS. 

Tonnossee  No.  4  (run  of  mine). 


Size  as  used . .  •. 

Duration  of  test hours. . 

Coal  charged pounds. . 

Coke  produce! {poV^ni::! 

Br«.^«produml iP^^-J^^y 

Total  yield do I 


Test  12.5. 

Test  129. 

f.c. 

f.c. 

fiO 

53 

12.000 

11.270 

7.471 

7.500 

62. 2f. 

66.  ,55 

313 

266 

2.61 

2.36 

64.87 

68.91 

Remarks. — Test  125:  Light  gray  and  silvery  color;  fingered  coke  } -inch  black  butts; 
ash  somewhat  high;  better  coke  probal)ly  from  washed  coal.  Test  129:  Light  gray  and 
silvery;  fingered  coke;  black  butts  removed ;  heavier  and  l)etter  than  cokc  of  test  125; 
resultant  coke  probably  improved  by  washin^^ 

Analyses. 


Moisture 

Volatile  matter. 
Fixed  carbon. . . 

Ash 

Sulphur 


Coal. 

3.82 
33. 17 
r>i.  17 

.89 

Coke. 

Test  125. 

Test  129. 

O.M 

1.56 

84.27 

1.43 

0.28 

13.63             11.56 

.72                -fifl 
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Cupola  tests  of  coke  made  from  Tennessee  No.  4  coal. 
CHARGE. 


Cupola 
tost 
No. 


Coke.a 


I  I 

I  Fluid- 


Test 
No. 


102  .  125 
105  I  129 
138         129 


Specific 
grav- 
ity. 


Phoa- 
phorus. 


l.\ 


Ratio  I    r-J 
iron  to'  V^^^ 
coice. 


ity 
strip 
full. 


Per  a. 
0.0215 


1.91       .0233 
1.91  ,     .0233 


Perct. 

7 

98.61 

7 

99.0 

7 

94.44 

Materials. 


Coke 

Pig  iron.. 

Scrap 

Coke 

Pig  iron.. 

Scrap 

Coke 

Pig  iron.. 
Scrap 


Divisions  of  charge. 

2.   I   3.   '   4. 
_   i 
Lbs.   I  Lbs,     Lbs.   I  Lbs.      Lbs. 


190  I 
570  i 
190  ; 
190  I 
570 
190 
190 
570 
190 


60 
420 
140 

60 
420 
140 

60 
420 
140 


60 
420 
140 

60 
420 
140 

60 
420 
140 


60 
420 
140 

60 
420 
140 

60 
420 
140 


60 
420 
140 

60 
420 
140 

60 
420 
140 


Total. 


Lbs. 
4M) 

2.  2.tO 
7"/) 
4.'iO 

2, 2.'>0 
750 
130 

2. 2r/) 
750 


a  Sulphur  in  ash,  test  102,  0.03  per  cent. 
RECORD  OF  MELT. 


pola 

est 

^o. 

102 
105 

138 

Blast  pressure. 

Iron 
run- 
ning 
in— 

Min. 
8 
7 
9 

Weight  of  ir 

Addi- 

Poured.  tional 

melted. 

on. 

Melting. 

|r 

eco\ 
•on. 

bs. 
852 
7,53 
688 

'Ofpd. 

t 

Oni 

3. 15  p. 
2. 25  p. 
3. 51  p. 

It—' 

Max- 
imum. 

7 

Total. 

Time. 

^fin. 
.32 
31 
40 

Rate 

per 

hour. 

Lbs. 
3,656 
3,960 
3,191 

Ratio 
irontc 
coke. 

>'  Loss.    Ii 

1 

Perct.  L 
;    6.60 
!    6.70  , 
1    6.16 

Coko. 

m 

m 

m 

Lbs. 
1,731 
1,915 
1,875 

Lbs. 
219 
131 
252 

Lbs. 
1,950 
2,046 
2,127 

.5.57 
,5.81 
6.09 

Lbs. 
79 
78 
SI 

LADLE  RECORD. 

I^dle 

No. 

Test  102. 

1 
Poun 

Test  10, 

""ime 
.  m.). 

2.38 

2.385 

2.39 

2.42 

2.43 

2.4,3i 

2.46 

2.465 

2. 47 

2.48 

2.48A 

2. 50* 

2.  .51 

2.51J 

2.53 

2.5t 

2.56 

2.  .57i 

2.  .58 

3.00 

3.03 

Test  1.38 

Po 

unds. 

Time 
(p.  m.). 

ds. 

1 
(P 

Pounds. 

(P- 

inio 
m.). 

1.. 

2.. 
3.. 
4.. 
5.. 
6.. 

104 
62 
95 
79 
86 
22 
79 

3.32 
3.32J 
3.3,5 
3.35J 
3.38 
3.38J 
.3.40 

1 

i 
1 

94 
98 
48 
89 

111 

113 
87 

1(M 
97 
95 
9S 
89 
88 
91 

lOTy 

87 
73 
84 
46 
89 
79 

106 
60 
98 
31 
78 

116 
93 
71 

i.o;} 

4.06 
4. 06  J 
4.07 

A.m 

4.11 
4.115 

8.. 
9.. 

91  i          3.41 
76             3. 42 
107  I          3.45 
107  1          3.4.5. 
81  :          3.46 
103  1          3.48 
110             3.48. 

4.12 
4.14 

10            

4.145 
4. 18 

11 

12 

4. 1S5 
4.19 

13 

14 

4  2,1 

15 

55 
103 

84 

3.49 
3.50 
3.51 

92 

4.235 
\  24 

16 

34  , 

91  ! 
100 

86 

70 
127 

122 
92 
102 

103 
26 
74 
27 
49 

17 

4. 28 

18               

74            3.54 
108            3.54J 
105            3.55 

4.285 
4.29 

19 

20            

4  32 

21 

4.. 325 
4.35 

22 

23 

4.. 355 
4.40 

24.   - - 

1 



1 

Remarhs.—TeB^  102  and  138:  Iron  hot.     Teat  105:  Iron  very  hot  and  fluid. 
BRIQUETTINQ  TESTS. 
Tennessee  No.  4  (nin  of  mine). 

Test  120. — ^English  briquets  made  at  179.6°  F.,  average  weight  3. .3  pounds,  with  5 
per  cent  binder,  were  easily  broken,  showing  cracks  with  soft  edges;  those  made  with 
5.6  per  cent  binder  showed  improvement,  but  the  ed^ea  N^reie  woV  ft>aa.T^ , -sjcvw^  \>jivi 


r 
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I 


briquets  were  easily  brtjken ;  thost^  with  t5  por  rent  binder  were  flatisfat^tory,  sliQwiTig 
firm  edgea^  hard  surfaces,  and  elean,  sharp  fracture;  th*3se  with  6.5  per  cent  binder 
showed  impmvement  on  aurf act's  and  edges.  In  the  drop  te^  with  briquets  con- 
taining 5  per  cent  binder  tlie  l-i»ch  screen  held  83.3  per  rent  and  paaeed  15  J  per 
cent;  with  5. &  per  eent  l>inder  S^A  per  ei^nt  was  held  and  H.G  per  cent  passed*  Ren- 
frew briciuctfl  made  at  140°  F.,  average  weight  OA  pound,  with  6,  6.5,  and  7  per  c*ent 
binder^  had  smctoth,  firm  siu^acia  and  edges  slightly  soil,  though  gent^rally  satisfactc»rj'; 
7.5  per  cent  binder  made  the  best  briqueU  of  the  lot;  all  surfaces  and  fractured  were 
entirely  satisfactory.     For  analyse  of  briquets  see  page  235  (steaming  test  405). 

TeM  /,5^?.^Tennt!seee  Ko,  4,  SO  percent;  miscellaneoue  No.  5  (coke  breeze,  p*  2^)  20 
per  cont.  Bri<iueta  with  8  per  cent  binder  were  Batiafaetory,  with  no  difference  in  qi>- 
peaiance  from  those  niade  frf:>m  Tenneaaee  No*  4  alone*  They  wen^  tough  when  warm, 
eaaily  handled  and  sU^red,  and  had  rough  but  Imrd  surfaces.  The  briqueta  were 
diBicuJt  to  break;  tho  fracture  wo^  uneven,  although  the  edges  were  firm.  The 
atmeture  was  porous. 

Tut  i^/*^Tenneeaee  No.  4,  75  pc^r  cent;  miscellaneoUH  No*  5,  25  per  cent.  With 
the  increased  percentage  of  coke  breeze  (see  test  150)  tlie  l>riquets  were  f^siMilj  broken 
when  warm,  although  sutlicienlly  ttmgh  after  fXJoling. 


P 


Over*  incsh„.*. ,„„,,,„,..„.„„.„.,,,.,—.,.,,. .pe^Oint,. 

A  inch  to!  inch »....,-^^-^ ,_.,.—. -,,.*.., do 

iKi  inch  to  X  Inch ..=*,..-.-........._,.._.-.; ^do.--. 

jC  jHch  to-^iiich_.,. , .....,, do— _.» 

undpr  ^  inch,  _*,,.,,...„ .,^^.. ,.,*,^ ...-.,-dO-.<* 

Dotal  In  cif  mi^nTjfaehifis: 

Machine!  us€?(l,.,,  „„„_,_»,_*_- ._ _^ ,_,.,^,^*_,.^. 

TriTijx' nature  of  briquets. , "F. . 

Kind 

l.ahomtnry  No*  (aaep.  IOl_...._...„.^,.„.— ,,,,.,, 

Amount ....percent., 

Wflleht  Qi— 

Fud  brlqut!ttt*d„ --,.,, , ,-^ t,t--^- 

Briquctflp  avt-nigft. . . , . ............ 

lh}iit  vtilue  pfir  pounii— 

*'^*^"*'™''^^**^\Miae*llant*oUiNo.iV.„,--. do.-„ 

Fuel  as  fin?cl .do. . . . 

niiidwr,  ...„..„. ..„.,... , .-..-_.  „do 

Weutherifi^  test: 

Time  exposed. days. . 

Condition^ ...,...,....., *.,._,,_. ..,.„-, * . ,  „ .  ^ ,  „ 


TttBt  120. 


3.3 
11.4 
10.0 
25,0 
40.0 

(«> 

If.  g.  IT. 

3110 
(») 

44,€CM} 
(-) 

12,  STB 


13,S7S 
16p47a 


214 


Twt  150. 


3.2 
10  () 

«*S 

HeoJ. 

i.ff.p. 
:hio 


12.57K 

13,S3fl 
ie,47S 

2M 
D. 


TeffI  151. 


a  Sec  notes  preceding  table. 
Extraction  analyses . 


ritch. 


Laboratory  No 

Air-drying  loss percent. 

Extracted  by  CSj: 

Air-dried do. . . 

As  received do. . . 

Pitch  in  briquets  as  received do. . . 


79.98 


Fuels. 


Tenn. 
No.  4. 


Misc. 
No.  5. 


3058 
4.70 


1..50 
1.38 


3306 
8.70 


.r)0 


Briquets. 


3.2 

1».6 
25  S 
41.5 

Rcnf* 
14g 

vf.  g.  p, 

3410 

S 

■if>,fiO0 
.fpl3 

1-2,  ffl^ 

ii.oriG 

16,478 
*il4 


Test  120. 


5.82 
5.  75 
5.56 


Test  150. 


3380 
0.60 

6. 27 
6.23 
7.29 


Test  15 


3367 
0.60 

6.56 
6.52 
7.51 


TENNESSEE]  NO.  5. 


Bituininous  coal  from  Petros,  Morgan  County,  on  the  Southern 
Railway,  was  designated  Tennessee  No.  5.  The  coal,  as  worked  from 
the  outcrop  at  this  place,  averages  2  feet  10  inches  in  thickness. 
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This  sample,  consisting  of  run-of-mine  coal  inspected  and  loaded 
under  the  supervision  of  John  W.  Groves,  was  used  in  making  steam- 
ing tests  352,  357,  and  358;  producer-gas  test  125;  wasliing  test  172; 
coking  test  154  (washed  coal) ;  and  cupola  tests  106  and  129. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
2958  was  taken  2,500  feet  southeast  of  the  drift  mouth,  where  the 
coal  measured  2  feet  8i  inches  in  thickness.  Sample  2959  was  taken 
3,800  feet  east  of  the  drift  mouth,  where  the  coal  measured  3  feet  h 
inch  in  thickness. 

CHEMICAL  ANALYSES. 


Tennessee  No.  5. 


I 


Mine  samples. 


Laboratory  No 

AirKirying  loss 

Proximate: 

Moisture 

Volatile  matter 

Fixed  carbon 

Aah 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

2Sf".::;::::::::::::: 

Sulphur 

Calorific  value  (as  received) 

Determined 


2958 
1.30 

2.25 
35.37 
55.47 
6.91 
2.96 


2950 
0.90 

2.20 
36.76 
52.84 
8.20 
3.84 


/calories. . 
\B.  t.  u... 
Calculated   from   ultimatc/calories..!. 
analysis \B.  t.  u. 


7,095 
13,851 


I 


Car  sam- 
ples.o 


Steaming  to^ts.h 


357. 


3050 
4.30 

5.50 
33.62 
51.03 
9.76 
3.23 

5.24 
70.08 

1.62 
10.07 


7.135 
12,841 

7.107 
12,793 


5.59  , 

5.82 

33.62 

3a  59 

51.03 

51.73 

9.76 

8.86 

3.33    . 

4.89  1 

4.89 

74.23  ' 

74.23 

1.72 

1.72 

5.40  1 

5.40 

10.34 

10.34 

3.42 

3.42 

(1.  73 
32.  H4 
51.12 
•).  31 
2.95 

4.93 
74.  H\ 
1.  73 
5.44 
9.98 
3.16 


o  Sample  from  steaming  test  352  treated  as  car  sample. 

b  Pro^mate  analysis  offuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 


STEAMING  TESTS. 

Tennessee  No.  5  (run  of  mine). 


Size  as  used: 

Over  1  Inch per  cent. . 

I  inch  to  1  Inch do 
inch  to  }  Inch do 
nder  J  inch do 

Average  diameter inch. . 

Duration  of  test hours. . 

Heating  value  of  coal B.  t.  u.  per  pound  dry  coal. . 

Fovoe  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temperature "F. . 

Dry  coal  used'per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface 

per  hour pounds. . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212^  F.: 

Per  pound  of  coal  as  fired do.... 

Per  pound  of  drj  coal do. . . . 

Per  pound  of  combustible do. . . . 

Efflden^  of  boiler,  including  grate per  cent. . 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Diyoool: 

Per  indicated  honq;>ower  hour do. . . . 

Per  electrical  horsepower  hour do. . . . 


Test  352. 

Test  357. 

Te.sl  .r>s. 

29.1 

12.9 

!•.♦.  9 

17.3 

25.8 

2S.  2 

20.9 

21. 9 

20.  () 

32.7 

39.4 

31.  :i 

.86 

.58 

.  m 

9.98 

10.00 

in. (K) 

13,604 

13,792 

i;i.«is,') 

0. 62 

0.74 

0.75 

.13 

.21 

.20 

2.456 

2,575 

2. 520 

18.89 

22.49 

22.  12 

3.40 

3.97 

4. 12 

95.4 

111.2 

115.5 

7.08 

7.14 

7.  49 

8.52 

8.33 

S.  ()9 

9.02 

8.84 

9.  32 

10.31 

9.89 

10.  52 

64.03 

61.80 

«)5.  77 

3.32 

.3.39 

3.25 

4.10 

4.19 

4. 02 

.3.13 

3.20 

\          X.^ 

\         -i.^^ 

JET  V>  S.  FUEJj-TESTINO  FLANT, 


FBOBUCER-QAS  TEST- 

Tennessee  No.  5  (run  of  mme). 

Te^t  /;3f5.— Dniutinn  of  test*  &0  houis.     Avera^'o  electrical  Iioraepower,  186.' 
age  E.  t.  u,  per  cubic  foot  of  ^m,  142 J.     Total  coal  tired,  12,!HK>  p:mnda. 


Aver 


Cofil  r&n»ujned  in  protiui-*r  fur  hornrpowtr  hmw  (^nif^^tdt)* 


Comiiiprcially  ftvallaljle . , .  ^ 
Developed  at  switchlHianl. 
I'er  brake  nflrnepoweri 

Comtucpcinlly  AvaiUbk*  - . . 
DeTeioped  at  engine ....,., 


«  «  ^v  »>  •!>  gta  f  #'p  «^  ■  • 


f  lAi**!! 


Equitvilffit  iMfd  by  producer  plant  i^ptmnd^). 


Ter  ^Ic^ncal  horwpowpr: 
rommprcially  avftUftbln  * . . 

ppT  hrako  norsepower; 

Cominercl'iUy  avalljible . . . . 
Divektpod  ttt  pnglnp  .*»-*.. 


Coal  aa 


1.4§ 


L37 
].28 


Dry^l.  <^™j;* 


L44 

L3« 


L15 


L57 
LIT 

1.25 


t,3l 


t  II 


L34 


1.94 
1-U 


Jn^^i/ifflS. 


Oia/, 


MoJrtuiT ....4-.-....-. £M 

V«lfttils  malt«r-. -.,,... ...„  M.64 

.4ah...„ .., .?   &8S 

Sulphur. , _ 3.39  I 


Ohm  hg  v^tu  me. 


Carbon  dloititjfi  (COj^} ,._, 11.3 

Carbon  mono  jtldp  (COK  .....    .-.,w„<...,.,.  17h0 

Hydrogen  (Hj )„.,,. , .-^.- L'kS 

UetlianB  (Cllij ..,., . ,..^,,*,..     L7 

Nitrog^  (H(>,,.., ,....,....  54  3 

Eth^'leno  (ClhK. ........ ^.,.. *,..,.      .5 


WASHING  AND  COKING  TESTS. 

Washing  test  172. — Size  as  used:  Oushed  to  2  inches.  Jig  used,  Stewart.  Raw  coal, 
18,450  pounds;  washed,  16,000  pounds;  refuse,  2,450  pounds. 

Coking  test  154- — Size  as  used:  Washed,  finely  crushed.  Duration  of  test,  49  hours. 
Coal  charged,  11,570  pounds.  Coke  produced,  6,807  pounds,  58.83  percent.  Breeze 
produced,  354  pounds,  2.20  per  cent.  Total  j'ield,  61.03  per  cent.  Light  gray  and 
silvery.     Good,  strong,  heavy  coke.     High  sulphur  not  removed  by  washing. 

'Analyses. 


Washing  test  172 


Coking  test  154. 


Raw  coal. 


Washed 
coal. 


Coal. 


Moisture 

Volatile  matter . 
Fixed  carbon  — 

Ash 

Sulphur 


Coke. 


r).59 
:«.  ♦12   . . 

:>.  '29 

o.  :j3 
35.  tXi 
r>3. 28 
0. 13 
2.44 

0.  .'»♦) 
.42 

51.03    .. 
9.  7») 
.3.  23 

2.40 

fK).  4(] 
8..5() 
2.08 
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241 


Cupola 
te«t 
No. 


Cupola  tests  of  coke  made  from  Tennessee  No.  5  coal  (washed), 

CHARGE. 

Divisions  of  charge. 


106 
129 


Cupola 
test 
No. 


Coke. 

Test 
No.- 

Specific 
gravi- 
ty. 

Ratio 
iron  to 
coke. 

164 
154 

1.91 
1.91 

7 

7 

Flu- 
idity 
strip 
full. 


Per  ct. 


93.05 


Materials. 


Coke... 
Pig  iron 
Scrap... 

Coke 

Pig  iron 
Scrap... 


I 


3. 


Total. 


- 

Lbs. 

Lbs. 

190 

60 

570 

420 

190 

140 

190 

60 

570 

420 

190 

140 

Lbs.    1 

Lbs. 

Lbs. 

Lbs. 

60 

60 

60 

430 

420 

420 

420 

2.250 

140 

140 

140  . 

7f,0 

60 

60 

60 

430 

4i0 

420 

420 

2,2,50 

140 

140 

140 

750 

106 
129 


Blast  pressure. 


Onat- 


0. 13. 
9. 44. 


Maxi- 
mum. 


Oz. 

7 
7 


Iron 
nm- 
ning 
in— 


Min. 

7 


RECORD  OF  MELT. 


Weight  of  iron. 


Melting. 


'  Recovered. 


Addi-  I  i  Rato  '  Rntio 

Poured,  tional   Total.   Time,     per    Iron  to  Loss,  j  Iron.  Coke, 
[melted. ;  hour.  !  coke.  ■ 


Lbs. 
2,328 
1,825 


Lbs. 

144  I 
418  I 


Lbs. 
2,472 
2,243 


Min. 
31 


Lbs. 

4.784 


34  I  3.958 


6.92 
6.30 


Per  ct.  I  Lbs. 
8. 30  i  279 
6. 13       573 


Lbs. 


73 
74 


LADLE  RECORD. 


Ladle 
No. 

Test  106. 

Test  129. 

Pounds. 

Time 
(a.  m.;. 

Pounds. 

Time 
(a.m). 

1 

103 
107 
80 
86 
109 
116 
80 
106 
80 
81 
100 
87 

9.25 
9.25i 
9.26 
9.29 
9.30 
9.31 
9.32 
9.32i 
9.35 
9.25J 

9.38 

80 
65 
91 
64 
87 
88 
64 
76 
84 
102 
95 
80 

9.58 
9.59 
10.05 
10.06 
10.09 
10.0'Ji 
10.10 
10.  Hi 
.      10. 12 
10. 12§ 
10.13 
10. 13i 

2 

3 ^.. 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Test  106. 


Ladle  Nc! 


I 


Pounds. 


Time 
(a.  m.). 


Test  129. 
Pounds. 


Ill 

9.38i 

103 

9.3'J 

88 

9.40 

111 

9.40i 

111 

9.41 

98 

9.42 

101 

9.42i 

97 

9.43 

74 

9.  46i 

105 

9.46 

124 

9.47 

50 

0... 

104 
/8 
115 
108 
84 
83 
32 
90 
75 


Time 
(a.  m.). 

10.14 
10.144 
10.155 
10.16 
10.  lt>i 
10.17 
10.  17i 
10. 18 

10. 23 

10. 24 


Remarks. — Test  106:  Iron  very  hot  and  fluid. 


TENNESSEE  NO.  G. 

Bituminous  coal  from  a  mine  located  3  miles  northwest  of  Wal- 
densia,  Cumberland  County,  on  the  Southern  Railway,  was  desig- 
nated Tennessee  No.  6.  The  coal,  as  worked  from  the  outcrop  at 
this  place,  averages  4  feet  in  thickness. 

The  sample,  consisting  of  run-of-mine  coal  inspected  by  John  W. 
Groves,  was  used  in  making  steaming  tests  379,  380,  and  381;  pro- 
ducer-gas test  110;  coking  test  122;  and  cupola  tests  112  and  141. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
2977  was  taken  200  feet  west  of  the  drift  mouth,  where  the  coal 
measured  3  feet  6  inches  in  thickness.  Sample  2978  was  taken  350 
feet  northeast  of  the  drift  mouth,  where  the  coal  measured  4  feet  G 
inches  in  thickness. 


19606—31712.  No.  832—08- 
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CHEMICAL  AKALYSES. 
Teimeesee  No*  (>, 


MU]e«Ai[iFla«. 

Car 

SI9. 

3». 

3St. 

Lflhoratorv  No. 

2&n 

2.70 
3.80 

ao.73 

B&.98 

4.  50 
.78 

li97K 
LflO 

Qtlfl 
1.05 

3102 

27.61 
6107 

14. 4a 

.78 
70.  CM 

.g§ 

&03 

AliHlrving'loiR. . ,.  -^ .  *,  ,^.«*^^-.. ^ ' 

2.74 
26.fl5 
SI.  77 
18.54 
,74 

4.37 
fl9.43 

5.41 
19.  OS 

.7a 

A.  18 
27.21 
53.93 

.77 

71.88 
1.00 

5.ei 
iA.m 

*80 

Sift 

VolatUfJ  matter. .. , 

2a  77 

Fixed  carhoiip .  h,  * * . .  ,,^.., ,,  .,.,.*' 

53.37 

Ash ,. ,,- -.,-. 

Sulphur.. -._,,.^.^^.  .,,,,^«.,,,„^»^^.J 

17.80 
.75 

Ultfrnatfii 

4.41 

Cttflion .1.^. ^^-v- 

60.96 

Nltrog^in, ...,„-......,..,.. .*......, 

.06 

OjtVKPIl ,--. *__, 

&.A7 

aS_  :::::::;;:::::::::::::::::::::: 

1&3S 

Sulpbur. . . .., 

.78 

Calorific  value  fn*  rooelved): 

I>oteTmlrM.^d..... a^tfu!" 

.i;S 

12,S14 

AIULlyBls..  . ...............   B.  t.  u. . , 

'" 

<■  Froximjito  tuiftl3?si«  ot  fuel  as  fined:  ultimate  analyidv  ot  dij  fuel  Hffured  ftom  car  aample^ 


b 


STIAMIHa  TESTB. 
Toimeflsee  No.  6  {run  of  mine). 


Size  as  used: 

O  vt^r  1  iiirh , _....,..„..,.........,..  ^  *..,.,.,  H ..,. .  .per  pent 

)  inch  to  1  inch , do ■ 

(  fnrh  to  *  inch..,,..,,.-,., .,...,-. ., ^ ..,_d(f..».| 

Uudrr  [  inch ,...,.. do. . . . ! 

Duration  ol  test , ,.,,,.,.,,..  h ...,,.., .,.,... , .hoin*^  .i 

Heating:  va^uc  ol  coiU  .......... ........  B,  i.  n.  per  pound  dry  coal.  .• 

Foitf^  of  JTufl:  ! 

U  ndor  stock  damper. ...... . inch  water. . 

Above,  fin? , _„,,,,..,,.,,,,,,,,,,, , . , , , , , ,  .do 

Dry  coal  used  por  sqijair  foot  of  griite  aiirfatf  p<^r  hour.. . ....  .ponnda. ,. 

£qlltV3li'nt  WiLtnr  evaporated  jh?r  mjuuti'  foot  of  water-h^^atitig  aurfaoe  | 
por  hour ... ....  pounda. . 

Perosntftgv'  of  rut^d  borscpowt^r  of  boiler  developed ,.,,,., 

Water  flpparrntly  evaporated  per  pound  of  coal  as  fired ..  .pounds. .' 

Water  evrtp<irH.tPfl  frnni  and  at  2L2*  F.:  •> 

Pit  pound  of  coal  a^iSn^ ...........do 

Ppr  pound  of  dry  tojU ,.,,.., , , , , do 

Pht  pound  of  comhuirtihle. . ............... ....... ...  .do .... 

EITJcipntv  of  boilpf,  indudlng  graU'^. ,. ...-,,.. .-.,,,. , . ,per Ottnt. , 

Coal  Afi  Iiri£>d: 

Per  indicated  horsepower  hour,  „ , , . , . , . .,..,,,,.  ,po»nda, . 

Pi?r  elect  riciil  horsepower  hour . ...........  ^ .  ^ ..... . ...... .do. . . . 

Pfycoal: 

Per  indicated  horsepower  hour, .,. , ... . do. . . . 

Per  elect ricwrl  hora^^ower  hour, ...,.,.,.,.,.. ....do.... 


27.  T 

21.7 

27.  S 

17.4 

19^8 

10.0 

24.7 

T         T 

41.3 

9.88 
12,  Me 

10.03 
12,S30 

10.02 
12,305 

.14 
IS.  42 

0.67 

.ig 

18.57 

0.70 

.la 

18.35 

;i2fi 
9,12 
7.M 

12,99 

2. 88 
8f».7 
fi.42 

Ji&l 
R85 
11.29 
68.87 

*i7.78 
38.04 

aft.S7 

aeO.47 

7.flt 
7.86 
10.  (H 
60.™ 

^2& 
4.06 

a3.63 
a4,*B 

3.72 
4.50 

3.20 
;i.94 

33.53 
a4,  M 

3.90 
4.44 

TertSSl.        ^ 


o  Questionable 
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FRODUCES-GAS  TEST. 

Tennessee  No.  6  (run  of  mine). 

Test  iiO.^-Duration  of  test,  30  hours.     Average  electrical  horsepower,  156.    Average 
B.  t.  u.  per  cubic  foot  of 'gas,  133.3.     Total  coal  fired,  7,950  pounds. 


Coal  contumed  in  producer  per  horsepower  hour  {pounds) . 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  norsepower: 

Commercially  available 

Developed  at  engine 


Equivalent  used  by  producer  plant  {pounds) . 


Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard. , 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


Coal  as 
fired. 


1.84 
1.70 


1.56 
1.45 


2. 02 
1.87 


1.72 
1.59 


Dry  coal 


1.78 
1.64 


1.51 
1.39 


1.95 
1.80 


1.66 
1.53 


Combus- 
tible. 


1.40 
1.28 


1.19 
1.10 


1.53 
1.42 


1.30 
1.20 


Analyses. 


Coal. 


Moisture 3. 55 

Volatile  matter 26. 00 

Fixed  carbon 49. 88 

Ash 20.57 

Sulphur 76 


Oas  by  volume. 


Carbon  dioxide  (COj) 12. 3 

Carbon  monoxide  (CO ) 15.  o 

Hydrogen  (Ha) 14.  o 

Methane  (CH<) 19 

Nitrogen  (Nj) 56.  4 

Ethylene  (CtUi) 4 


COKING  TEST. 

Tennessee  No.  6  (run  of  mine). 

Test  122. — Size  as  used:  Raw,  finely  crushed.  Duration  of  test,  43  hours.  Coal 
charged,  12,000  pounds.  Coke  produced,  7,712  pounds;  64.27  per  cent.  Breeze 
produced,  314  pounds;  2.62  per  cent.  Total  yield,  66.89  per  cent.  Light  gray  and 
silvery.     Good,  heavy,  strong  coke.     Could  be  improved  by  washing  to  reduce  ash. 

Analyses. 


Moisture , 

Volatile  matier 
Fixed  carbon... 

Ash 

Sulphur 


Coal. 


(\)ke. 


2.05 

0. 22 

27. 36 

.01 

55.12 

70.01 

15.47 

19.  8») 

.90 

.69 

Cupola  tests  of  coke  made  from  Tennessee  No.  6  coal. 
CHARGE. 


Cupola 
te«t 
No. 


Coke,  a 


Test 
No. 


112 


141 


122 


122 


Specific 
grav- 
ity. 


1.96 


t06 


Ratio 
iron  to 
coke. 


Fluid- 
ity 

strip 
full; 


Perct. 


99.9 


Materials. 


[Coke 

Pig  iron. 
[Scrap... 

[Coke 

Pig  iron. 
[Scrap 


Divisions  of  charge 
1.  2. 


Lbs. 
230 
690 
230 
220 


Lbs. 

50 
390 
130 

53 
398 
133 


3. 

4. 

5. 

Lbs. 

Lbs. 

Lbs. 

50 

50 

50 

390 

390 

390 

130 

130 

130 

53 

52 

52 

398 

397 

397 

133 

132 

132 

Total. 


Lbs. 

430 
2,2,tO 

750 

430 
2,2.% 

750 


a  Solidiar  in  ash  0.03  per  cent.    Phosphorus  in  coke,  O.QS^  p^i  c«nX. 


w 


S44  RBPORT   U,  S.  FUEL-TESTING   PLANT,  1006^7. 

Cupoiu  frits  ofcak€  madr/rom  Ttmrusurr  iVo.  f}  eont — t>>utiiiit«d» 
EECORD  OF  MELT. 


BlAJit  iiraaiiuiv. 

Iron 
ran- 

W«ig1ito|twu. 

ummg. 

"RacftV^twi- 

On»t-- 

Poiuea. 

4ddl- 

Total 

Timt. 

Hut* 

per 

bCiUT- 

Ratio 
Inoiito 

Lo«.! 

Iron, 

Ceki, 

112 

&J)5 11.111.... 

Or, 

7 
7 

JfiAi. 

£6.. 

Xt*. 

Lbn. 

Mi». 

XAj. 

Pfr  ft. 

«•• 

zh*. 

Jll 

A 

749  1        2Bi  1  Um 

an 

2,0M 

4.« 

190  II,  BOB  •      l»7 

a  BUtI  oin  ^  iixliiutQ»p  no  iniD  m«£ltw],    Cdk«  tury  bJgb  J£L  Mti.  luid  dtrty. 
LADLR  ItKCO&D. 


Teift  HI. 

LuIhiKf). 

tmiit. 

LufSleNo. 

Pmmds, 

-now 

Pmm^ 

Tim* 

3^,^  .^».,....,^.... 

3ft 

57 

&18 

ass 
s.3a 

«.,,..<.. ' 

9.............         .      

11.,..,.,..., ...,*, „,„*,.,,, 

M 
4A 
55 
51 
34 

m 

IS 

a ,..,.„i.^^^,, ....,,- 

8.30 

1,,. -,..,,.. 

8137 

S:::::::::::::;::::::::;::::::: 

12 ....,.„, , 

a       _    ^ 

13. .......... .......«.„..,.. 

^M 

7 ..„....,.„,..., 

^m 

Memarla.—Tc^U  141:  Iron  cold. 


^  Ti::NTSrES8T5F.  T^O,  7,  — I — 

Bituminous  coal  from  Wilder,  Fentress  County,  on  the  Southern 
Railway,  was  designated  Tennessee  No.  7.  The  coal,  as  worked 
from  the  outcrop  at  this  place,  averages  4  feet  4  inches  in  thickness. 

Two  samples  of  coal  were  shipped  from  this  mine,  both  inspected  by 
John  W.  Groves.  Tennessee  No.  7  A  consisted  of  run-of-mine  screened 
over  a  }-inch  by  1-inch  shaker  screen,  and  was  used  in  making  steam- 
ing tests  372,  373,  and  374  and  producer-gas  test  108.  Tennessee 
No.  7  B  consisted  of  slack  coal  through  a  plate  perforated  with  J-inch 
by  1-inch  holes,  and  was  used  in  making  steaming  test  406  (on 
briquets);  washing  test  156;  coking  tests  121  (raw)  and  123  (washed); 
cupola  tests  113  and  137;  and  briquetting  test  121. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2979 
was  taken  2,000  feet  north  of  the  drift  mouth,  whore  the  coal  measured 
4  feet  7  inches  in  thickness.  Sample  20S0  was  taken  1 ,500  feet  east  of 
the  drift  mouth,  where  the  coal  measured  4  feet  \  inch  in  thickness. 
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CHEMICAL  ANALYSES. 

Tennessee  No.  7. 


Mine  samples. 

Car  sam- 
ple* 

3133 
1.70 

3.03 
34.91 
49.21 
12.85 

3.20 

5.03 

09.20 

1.27 

8.33 

Steaming 

tests.b 

-372. 

373. 

374. 

40t>. 

L«Al>orfttorv  No 

2979 
2.00 

3. 40 
34.73 
52.73 
9.08 
2.42 

2980 
1.80 

3.04 
30.37 
50.40 
10.13 

3.84 

1 
1 

Air-<irying  loas- 

1 

Proximate: 

Moisture .- -- 

2.98 
34.40 
49.58 
12.98 

3.35 

4.83 
71.23 

1.31 

5.79 
13.39 

3.45 

3.00 
34.30 
48.49 
14.15 

4.18 

4.70 
69.47 

1.27 

5.65 
14.00 

4.31 

3.36 
33.02 
49.45 
13.57 

3.34 

4.79 
70.67 

1.29 

5.75 
14.04 

3.40 

3.37 

VolatUe  matter.. 
Fixed  carbon 

35. 80 

.00.77 

Ash 

10. 0() 

Sulphur : 

2.09 

Ultimate: 

Hydrogen 

O.02 

Carbon 

75.58 

1.30 

5.47 

aSt!;;;:::::::::::::::::: 

10.41 

Sulphur 

2.16 

Calorific  value  (as  received) : 

7,213 
12,983 

7,001 
12,602 

7,045 
12,681 

Determined 

B.  t.  u... 
calories 

Calculated  from 

ultimate  anal- 

[B.t.u... 

ysis 

>  Sample  from  producer-gas  test  108  treated  as  car  sample. 

^  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 


STEAMING  TESTS. 

Tennessee  No.  7. 


Size  as  used: 

Over  1  inch per  cent. . 

i  inch  to  1  inch do — 

I  inch  to  ^  inch do — 

Under  \  inch do — 

Duration  of  test hours . . 

Heating  value  of  fuel B.  t.  u.  per  pound  dry  fuel. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temperature °F. . 

Dry    fuel    used    per    square    foot    of   grate    surface    per 
hour pounds.. 

Equivalent  water  evaporated  per  square  foot  of  water-heat- 
ing surface  per  hour pounds. . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water    apparmtly    evaporated    per    pound    of    fuel    as 
fired pounds. . 

Water  evapoirated  from  and  at  212°  F. : 

Per  pound  <5f  fuel  as  fired do — 

Per  i)ound  of  dry  fuel do — 

Per  pound  of  combustible do — 

EfSciencv  of  boiler,  including  grate per  cent. . 

Fuel  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  fuel: 

Per  indicated  horsepower  hour do — 

Per  electrical  horsepower  hour do — 


51.0 
22  0 
12.4 
13.4 
9.98 
12,905 

0.48 

.15 

2,000 

20.94  i 

3.59 
100.7 

7.04 

8.33 

8.59 

10.11 

03.98  I 

3.39 
4.19 

3.29 
4.-0G 


A. 

. 

st  373.0 

Test  374. 
47.3 

20.1 

37.5 

20.4 

18.5 

12.0 

17.9 

19.7 

9.93 

9.95 

12,081 

12,866 

0.09 

0.49 

.23 

.15 

2,958 

2,461 

20.70 

18.45 

4.53 

3.26 

127.1 

91.4 

0,93 

7.22 

8.23 

8.50 

8.49 

8.80 

10.00 

10.48 

04.65 

00.50 

3.44 

3.30 

4.24 

4.08 

3.33 

3.19 

4.11 

3.94 

Test  4()«;. 


Seop.247 

6. 15 
13,547 

0.64 

.17 

2.420 

20.91 

•^.  85 
108.0 

7.00 

8.92 
9.23 
10.42 
65.80 

3.17 
3.91 

3. 00 
3.  78 


a  Maximum  capacity  test. 

Remcarhs, — ^Test  406  on  briquets  from  test  121.  The  briquets  burned  with  a  long 
flamei  cracked  open  to  a  depth  of  three-fourths  of  an  inch,  coked,  and  held  together 
well  until  entirely  consumed.    No  smoke;  very  little  clinker;  reddish-brown  ash. 
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P,  1908-1. 


I 


FE0DtrCEH*OAS  TEST, 

Tenuessee  No,  7  A  (run  oi  mine). 

Te^i  i/>5. -^Duration  of  test,  60  houre.     Av*?mge  electrical  horsepower,  192.5.    Aver- 
age B.  t*  u.  per  f  ubic  foot  of  g^,  154JL     Total  ooal  iired,  14,400  fjoiintk. 


Coat  citntuwtd  in  pmdtt^rr  prr  hitt*tp&mwr  hour  (p&t^ndM)^ 

Per  olwtrictti  horaeiHjwer: 

CotnniftrcljiJly  AS'^nitalii^p . ,  ♦  ...,,..,,*.;,..  ,^,.:. ..;.............. . 

DuTiiioDfld  at  HwlU'tiboHt^^.^ ,...,....., ^.. 

Far  bruk«i  honsuower: 

ConiiniJtciiilly  iiviiiliiTjlp.......         ...  ..h^,  »•••■« ,,.-. 

Devdopisd  m%  exigiiije — ..„...„..».,,....,, 


Equivaitnt  uted  by  pwtiuctr  pluRl  iptmnd^i^ 


Per  fllectfiicaJ  hor^powf^r: 

Conmienclally  available 

Dev«ilotH>d  at  nwEt^-hliourd , 

Per  IjTftkfl  norsi^owifr; 

ComineTriftUy  a viii labium.  „. 
D^elopud  &t  englDe. ...... 


•'»%'"  ■"^«'"'- 


i.r.0 


L27 


1.74 


LIS 

i.ai 


L55 
L4fi 


l.«0 
1. 58 


1.43 

uas 


CoDtbus- 


1.14 

1,07 


1.16 
1.3T 


1.34 
1.16 


Amdjfiis  of  gat  by  volume.*^ 

CmTkmi  dioudfi  (COt) „.„. 11.  t 

CftitjonnionoxidfiCCOl...,., „, *..-.... „ .-**-  IT.* 

HydfogOD  (Hj) -.-,-» ........_,......> „ ..^„„„..„,.„.„,  I5u3 

Uetiiaiiii  fcni).. ,. ,...,.....„ -.* ^,,^.,.  a^a 

NJtmgen^Ni>  „., .-.  ,. .,. ^....  — ....._. ......... — .....  HSLZ 

KtHylena  ^C,H(),. - ...-..- .i» 

WASHING  AND  COKING  TESTS. 

Tennessee  No.  7  B  (slack). 

Washijig  test  156. — Jig   used,  Stewart.     Raw   coal,    31,000  pounds;     washed  coal, 
21,000  pounds;    refuse,  10,000  pounds. 

Cohing  tests. 


Size  as  used 

Duration  of  test hours.. 

Coal  charged pounds. . 

Coke  produced fcr^t:! 

Breeze  produced {^S^;; 

Total  yield do. . . . 


Test  121 
(raw) . 


f.c. 

46 

12,000 

6.680 

55.67 

716 

5.97 

61.64 


Test  123 
(w.). 


f.c. 

50 

12,000 

6,911 

57.50 

323 

2.69 

60.28 


Remarks. — Test  121:  Poor  coke,  soft  and  punky;  coal  high  in  ash  and  sulphu.'; 
might  he  improved  hy  wasliing.  Test  123:  Light  gray  and  silvery,  with  good  ring; 
great  improvement  over  raw  charge;  sulphur  still  too  high. 

Analyses. 


Washing  test  156. 

Coking 

Lest  121. 

Coking  test  123. 

Raw        Washed 
coal.          coal. 

Coal. 

Coke. 

Coal. 



8.37 
32.29 
49.02 
10. 32 

2.21 

Coke. 

Moisture 

7.88'          7.04 

28.28    

46.43  ' 

7.88 
28.28 
46.43 
17.41 

3.43 

0.43 

.36 

74.43 

24-78 

2.98 

0.  57 

Volatile  matter.    ..    .          

.87 

Fixed  carbon 

8;i.  59 

Ash 

17.  41           10. 12 
3.4;{             2.26 

14.97 

Sulphur 

1.77 

a  For  analyses  o!  luel  uaod  sec  p.  lAJi  (aa.Tttp\^*i\'Xi^, 
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Cupola  tests  of  cohe  made  from  Tennessee  No.  7  B  coal  (washed). 
CHARGE. 


Cupola 
test 
No. 

Coke.a 

Fluid- 
strip 
full. 

Materials. 

Divisions  bf  charge. 

Total. 

Teat 
No. 

Specific 
grav- 
ity. 

Ratio 

iron 

to  coke. 

1. 

2. 

3. 

4. 

5. 

113 
137 

123 
123 

1.93 
1.93 

7 

7 

Perct. 
98.61 

95.83 

(Coke 

{Pig  iron 

[Scrap 

Coke 

{Pig  iron 

[Scrap 

Lbs. 
190 
570 
190 
190 
570 
190 

Lbs. 
60 
420 
■  140 
60 
420 
140 

Lbs. 
60 
420 
140 
60 
*      420 
140 

Lbs. 

6Q 
420 
140 

60 
420 
140 

Lbs. 

60 
420 
140 

60 
420 
140 

Lbs. 

430 
2,250 

750 

430 
2,250 

750 

o  Sulphur  in  ash,  0.04  per  cent.     Phosphorus  in  coke,  0.0468  per  cent. 
RECORD  OF  MELT. 


Blast  pressure. 

Iron 
run- 
ning 
in— 

Weight  of  iron. 

Melting. 

Recovered. 

Cupola 
test 
No. 

Onat— 

Maxl- 
mum. 

Poured. 

Addi- 
tional 
melted. 

Total. 

Time. 

Rate 

per 

hour. 

Ratio 

iron 

to 

coke. 

8.70 
6.26 

Loss. 

Iron. 

Coke. 

113 
137 

3.30  p.m.... 
10.30  a.m... 

Oz. 

7 

Min. 
8 
9 

Lbs. 
2,384 
1,446 

Lbs. 
132 
444 

Lbs. 
2,516 
1,890 

Min. 
30 
34 

Lbs. 
5,032 
3,336 

Perct. 
12.06 
5.60 

Lbs. 
122 
942 

Lbs. 
141 
128 

LADLE  RECORD. 


Test  113. 

Test  137. 

1 

Ladle  No. 

Test  113. 

Test  137. 

Ladle  No. 

Pounds. 

Thne 
(p.m.). 

Pounds. 

Time 
(a.m.). 

Pounds. 

Time 
(p.  m.). 

Pounds. 

Time 
(a.  m.). 

1 

2 

3 

4 

5 

6 

7 

93 
56 

102 
93 
78 

102 
83 
71 

106 
97 
87 

110 
93 

3.47 

3.47* 

3.5l| 

3.52 

3.56 

3.56) 

3.57 

3.59 

3.59) 

4.00 

4.01 

4.01) 

4.02 

88 
96 
61 
76 
88 
93 
67 
70 
76 
97 
92 
100 
46 

10.48 
10.48) 
10.49 
10.53 
10.53) 
10.54 
10.55 
10.55) 
10.56) 
10.57 
10.58 
10.59) 
11.01 
i 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

105 
87 
94 

105 
88 
90 

106 
83 
90 

106 
84 
96 
79 

4.03 
4.03) 
4.04 
4.05 
4.05) 
4.06 
4.07 
4.07) 
4.08 
4.08) 
4.09 
4.09) 
4.11 

63 
35 
86 
fil 
67 
84 

11.02 
11.03 
11.06 
11.07 
11.12 
11.13 

8 

9 

10 

11 

12 

13 

Remarks. — ^Teat  113:  Iron  very  hot  and  fluid.  Blast  off,  3  minutes.  Test  137:  Iron 
cold. 

BSIQUETTING  TEST. 

Tennessee  No.  7  B  (washed  slack). 

Test  121, — Size  as  used:  Over  }  inch,  1.8  per  cent;  yJ^  inch  to  \  inch,  10.8  per  cent; 
A  inch  to  ^  inch,  19  per  cent;  ^  inch  to  ^  inch,  21  per  cent;  through  ^j^  inch,  47.4 
per  cent.  Machine  used,  English.  Temperature  of  briquets,  179.6**  F.  Kintl  of 
binder,  water-gas  pitch;  laboratory  No.  3410  (see  p.  40).  Amount  of  binder,  5.5,  6,  6.5, 
and  7  per  cent.  Weight  of  fuel  briquetted,  7,000  pounds;  average  weight  of  briquets, 
3.08  pounds.  B.  t.  u.  per  pound  of  coal  as  received,  12,447;  per  pound  of  briquets  as 
fired,  13,090;  per  pound  of  binder,  16,478.  Weathering  test:  Days  exposed,  200;  con- 
dition, B.    For  analyses  of  briquets  see  page  245  (steaming  test  406). 
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XT.  S.  FUEL-TiSTING  PLANT,  1900-1. 


Briquets  witli  5.5  and  iy  per  t-eDt  uf  binder  ha^l  lirrn  edges,  but  surfaces  were  sli^Uy^ 
crumbly  when  rubbed;  bmke  with  a  clean  friicUiret  leaviuga  firm  surface;  thwse  with 
6.5  and  7  per  cent  of  ijinder  hail  hard  and  anioc:)tb  surfaces;  fracture  hard  aod  firm. 
Not  enough  coal  was  furniehed  to  make  test*  on  Renirow  machine  or  steaming  teats 
on  unbriquetted  fuel. 

Drop  teM. 


VarcvutAgv at  binder.*,. X.,,*. ,, .,,--,,,,.*.,*-.,,.,.,.,*^ 

,      78.3 
11.7 

0 
20. 1 

6.5 

7 

HwJUl  hy  I-inuhfteiBen-, ^ -_-_^.....-*.---^»-  -.^,.,..-.» 

9iL2 

PasswH-tnch  «?r«jn»,.,,.^x.^,„,*^,*-,.^.r.^--.                     ..♦,^.,.^ 

41 

Sii^rflcluw*  aml^^$. 

Pitch, 

FUffl. 

tesft  121,  ^ 

LiiborifltOTy  Nt>  ^                ,  L  J . ,  L                   

' 

AiMiryine  Io»e. ,..•„.,.., 

ExtriuaeJ  by  CSi: 

AlrH)iif>d„.. .,.-,.... 

o.- * .V<tflW«t.. 

(klO 

Hid 
6.0,5 

FlliCh  iri  If  rfcjii^t^  as  ivic^vt'tl . , « > . 

..„„,.„,w,-/-,i-<......ito-,.J 

5,ae 

BUuniinous  coal  from  CUfty,  Whit^  Coimty,  on  the  Nashville, 
Chttftanooga  anil  St.  Lcmis  JiaiUvny,  was  designate*!  Toniiosst*e  No.  S. 
The  coal,  as  worked  from  the  outcrop  at  this  place,  averages  3  feet 
6  inches  in  tliickness. 

Two  lots  of  coal  were  sliipped  from  tliis  mine,  both  inspected  b}^ 
Jolm  W.  Groves.  Tennessee  No.  8  A  consisted  of  '^special  run  of 
mine,"  wliich  is  made  by  passing  coal  over  a  J-inch  screen  and  return- 
ing about  8  per  cent  slack  to  the  sample.  Tennessee  No.  8  B  con- 
sisted of  '^  screened  run  of  mine,"  which  was  passed  over  a  J-inch 
screen  and  had  about  18  per  cent  of  slack  returned  to  it.  These 
samples  were  used  mixed  in  making  steaming  tests  384  (raw),  385 
(raw),  and  388  (washed);  producer-gas  tests  (washed)  116  and  119; 
washing  test  157;  coking  test  134  (w^ashed  coal),  and  cupola  tests  114 
and  135. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  3005 
was  taken  2,100  feet  north  of  the  drift  mouth,  where  the  coal  meas- 
ured 3  feet  f  inch  in  thickness.  Sample  3006  was  taken  1,900  feet 
north  of  the  drift  mouth,  where  the  coal  measured  4  feet  in  tliickness. 
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CHEMICAL  ANALYSES. 

Tennessee  No.  8. 


Mine  samples. 

Car  samples. 

A. 

B. 

384. 

385. 

388. 

T,.ft.l)orAtQi*v  No 

3005 
1.90 

3.01 
34.70 
51.53 
10.76 

3.42 

3006 
2.20 

3.23 
32.18 
53.43 
11.16 

3.58 

3127 
1.60 

2.63 
33.51 
50.44 
13.42 

4.38 

4.89 

60,32 

1.15 

6.84 

3128 
2.00 

3.12 
32.91 
49.85 
14.12 

4.74 

4.68 

68.20 

1.23 

7.03 

Alr-dryif)g  lo*s-           

Proximate: 
Moisture 

2.40 
32.61 
50.12 
14.87 

5.28 

4.41 
«9.37 

1.25 

4.32 
15.24 

5.41 

2.36 
33.60 
50.72 
13.32 

4.32 

4.74 
71.37 

1.19 

4.63 
13.64 

4.43 

2.83 

Volatile  matter 

34.  70 

Fixed  carbon 

52. 24 

Ash ...                  

10.23 

Sulphur 

2.92 

Ultimate: 

5.00 

Carbon 

75.31 

Nitrogen 

1.25 

Oxytren ' 

4.91 

Ash 

10.53 

Sulphur 1                 '                - 

3.00 

Calorific  value  (as  rece.veil): 
Determined {^^J'^S^- 

7,280 
13,104 

7.064 
12,715 

7,002 
12,766 

6,054 
12,517 

6,^ 
12,469 

^'^{jUS^'^Tlcalories 

ultimate  anal- J§^'^"^« 

ysis /"•  ''•"-•- 



Proximate  analysis  of  fuel  as  fired ;  ultimate  analysis  of  dry  fuel  figured  from  ear  sample. 


STEAMING  TESTS. 

Tennessee  No.  8  (run  of  mine). 


Test 
384. 


Test 
385. 


Size  as  used: 

Over  1  inch " per  cent. . 

i  inch  to  1  inch do 

I  inch  to  J  inch do — 

Under  \  inch do 

Duration  of  test hours. . 

Heating  value  of  coal B.  t.  u.  per  pound  dry  coal. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire  (natural  draft) do 

In  ash  pit  (forced  draft) do 

Furnace  temperature °  F . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent   water  evaporated  per  square  foot   of  water-heating  surface 
per  hour " pounds. . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  bound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212^  F.: 

Per  pound  of  coal  as  fired. do 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

Efficiencv  of  boiler,  including  grate per  cent. . 

Coal  as  nred: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do — 

Dry  coal: 

Per  indicated  horsepower  hour. do — 

Per  electrical  horsepower  hour do — 


36.6 

37.0 

28.1 

26.1 

15.8 

14.6 

19.5 

22.3 

10.02 

10.08 

12,758 

13,090 

0.58 

0.62 

.14 

.25 
2,243 

15.64 

18.4fl 

2.60 

3.08 

72.8 

86.5 

6.87 

6.98 

8.12 

8.20 

8.32 

8.40 

10.19 

9.94 

62.98 

61.97 

3.48 

3.45 

4.30 

4.26 

3.40 

3.37 

4.20 

4.16 

Test 
388 
(w.). 


25.0 
19.4 
27.5 
10.03 
13.532 

0.56 
.18 

"2,' 309 
20.  47 

3.78 
106.1 
7.68 

8.99 
9.26 
10.52 
66.08 

3.15 
3.88 

3.05 
.{.  77 


PB0DUCEB-6AS  TESTS. 

•Tennessee  No.  8,  washed  (run  of  mine). 


Duration  of  test .- hours. 

Average  electrical  horsepower 

Average  B.  t.  a.  per  ouIhc  foot  of  gas 

Total  ooal  fired.  •• pounds. 


Test  116.    Test  119. 


60 

24 

147.4 

197.0 

144.6 

157.5 

\\»*Kft 

^          ^,^i*i 
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ftEFOBT  IT.  B,  FTTEL'TESTTKG  PLANT,  lfi06-7. 


FBODUCEE'GAS  TESTS-^ontinued. 
Teimesseti  No,  H,  washed  (run  of  mine). 


Teat  ntJ.a 

T^OfiJ 

> 

Coolafl 

^. 

bUfldble. 

C<nn- 

bUitibk!. 

Coal  consumed  In   produ^^fr  per  hortt^ 

U48 
1,3S 

1.35 
US 

LSI 

Las 

1.23 
LIS 

LM 

L41  , 

L31 

Lag 

1.30 

l>€TeIoi*ed  lit  st^llchboani*  ^  „♦._•*,» , 

Lift 

u& 

i.m 

L22 

ComintiPfiAliv  H.vaJlii  hie *^. . , .  „^ , 

1.10 

Per  eleptricjU  boran power: 

i.as 

1,03 

l.tft 

L^ 

LhwBloped  nl  ifSvitQhboATtl ........... 

Pi-T  limkp  horsepower: 

Comm^Rialfy  jnruiJabtB. . . , .' 

l.t!9 

i.tie 

1,48 

L3Q 
IhIS 

D« vtUfJpecl  Ht  f.nginfi 

14«l 

til 

i.aa 

LlO 

i>  Without  ta«  ^xtractof . 


Te^t  im. 

Test  119. 

TmI  Ufi. 

T»vHt  lis. 

rooL 

10.02 

3.43 
35.41 

sa.29 

9.87 

1 

nurboii  diojtjaii  {COi> 

Curbon  monoKide  (COS 

Flydrogen  (Fli> ,, 

19.7 

14,3 

Lfl 

53.8 

,4 

ft.  7 

Vohaib  triattei'...., ^._.. 

i^a 

{■"ixtM-J  carbon ^ ,  ,^  „,..,.,,  „ 

15.1 

Aflb . 

MtthiitU'  ECU,)    ..    ......... 

2.1 

8u|phiir^.,,..,_ 

Nitrop*n  ( ii  li ,,,.,,.. 

53^5 

Ethy(eiKMCiHO 

5 

WASHING  AND  COKING  TESTS. 

Tennessee  No.  8  (run  of  mine). 

Washing  test  157. — Size  as  used,  crushed  to  2  inches;  jig  used,  Stewart.  Raw  coal, 
98,000  pounds;   washed  coal,  86,000  pounds;   refuse,  12,000  pounds. 

Coking  test  134. — Size  as  used,  washed,  finely  crushed.  Duration  of  test,  45  hours. 
Coal  charged,  12,000  pounds.  Coke  produced,  6,870  pounds,  57.25  per  cent.  Breeze 
produced,  320  pounds,  2.67  per  c^ent.  Total  yield,  59.92  per  cent.  Light  gray  and 
silvery.     Good  coke  physically,  but  washing  does  not  reduce  sulphur  sufficiently. 

Analyses. 


Moisture 

V^olatik'  matter 
Fixed  carbon. .. 

Ash 

Sulphur 


Washing 

test  157. 

Coking 

test  134. 

Haw 
coal. 

Washed 
coal. 

Coal. 

Coke. 

•A.  12 

1.71 

3.09 

51.70 
9.89 
2.95 

0.32 

:<1. 91 

49.  8.5 

14.12 

4.74 

.11 

85.66 

9.99 
2.94 

13.91 

2.45 
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Cupola  tests  of  coke  made  from  Tennessee  No.  8  coal  (wasTied). 

CHARGE. 


Coke.a 

Fluid- 
ity 

strip 
full. 

Materials. 

Divisions  of  chaige. 

Cupola 
test 
No. 

Test 
No. 

ci^ 

Ratio 
iron  to 
coke. 

1. 

2. 

3. 

4. 

Total. 
5.      1 

i 

114 
135 

134 
134 

1.98 
1.98 

7 

7 

Perct. 
93.14 

97.22 

Coke 

Pig  iron 

Scrap 

Coke 

Pig  iron 

Scrap 

Lbs. 
190 
570 
190 
180 
540 

Lbs. 

60 
420 
140 

63 
428 
143 

Lbs. 

60 
420 
140 

63 
428 
143 

Lbs. 

60 
420 
140 

62 
427 
142 

Lbs.  !   Lbs. 

60  430 
420  2,250 
140  i        T.W 

62  4:«) 
427  2,250 
142           750 

o  Phosphorus  in  coke,  0.0238  per  cent. 


RECORD  OF  MELT. 


Blast  pressure. 

Iron 
run- 
ning 
in— 

Weight  of  iron. 

Melting. 

Recovered. 

Cupola 
test 
No. 

Onat— 

Maxi- 

Pour- 
ed. 

Addi- 
tional 
melt- 
ed. 

Total. 

Time. 

Rate 

per 

hour. 

Ratio 

iron 

to 

coke. 

Loss. 

Iron. 

Coke. 

114 
135 

11.06  a.m... 
9.47  a.m.... 

Oz. 

7 
7 

Min. 

7 
7 

Lbs. 
2,301 
1,647 

Lbs. 

217 

1,034 

Lbs. 
2,518 
2,581 

Min. 
36 
27 

Lbs. 
3,918 
5,956 

6.92 
6.50 

Perct. 
&36 
&33 

Lbs. 
231 
160 

Lbs. 
66 
38 

LADLE  RECORD. 


Ladle 
No. 

Test  114. 

Test  135. 

Ladle 
No. 

Test  114. 

Test  135. 

Pounds. 

Time 
(a.  m.). 

Pounds. 

Time 
(a.m.). 

Pounds. 

Time 
(a.  m.). 

Pounds. 

Time 
(a.  m.). 

1 

2 

3 

4 

6 

6 

7 

61 
92 
105 
64 
74 
96 
87 
78 
61 
83 
101 
109 
104 
90 

n.i8 

11.24 

H.24i 

11.25 

1L27 

11.27i 

n.28 

n.28i 

11.30 

n.30} 

n.3i 

U.3U 

n.33 

11.33} 

30 
72 
102 
75 
87 
87 
84 
78 
21 
89 
80 
85 
65 
60 

9.56 
9.58 
10.00 
10.01 
10.04 
10.04^ 
10.06i 
10.07 
10.07i 
10  09 
10.  Hi 
10.12 
10. 12* 
10. 13} 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

95 

64 
78 
103 
96 
77 
92 

11.34 

11.34i 

11.36 

11.36i 

n.37 

11.37i 

11. 38^ 

73 
74 
82 

107 
76 

111 

10. 14 

10. 15 
10. 17 
10. 17J 
10.18 
10.21 

8 

74 

11.39 

9 

83 
104 
57 
67 
104 

11.39i 
11.40 
11.46i 
11.47 
11.48 

10 

■   1 

11 

1 

12 

13 

14 

Remarhs. — ^Test  114:  Iron  very  hot. 
hole  cut  out  and  iron  run  over  trough. 


Test  135:   Iron  hot.     Blast  off  1  minute;  top 


Bituminous  coaJ  from  Coalmont,  Grundy  County,  on  the  Nashville, 
Chattanooga  and  St.  Louis  Railway,  was  designated  Tennessee  No.  9. 
The  coal,  as  worked  from  the  outcrop  at  this  place,  averages  3  feet  4 
inches  in  thickness. 

One  car  of  coal  was  shipped  from  this  mine  under  the  supervision 
of  John  W.  Groves.  Twenty  tons  of  lump,  over  a  }-inch  screen, 
designated  A,  was  used  in  making  steaming  testa  ^Q>*^,  ?»^\,  ^w\'^^>»^^ 
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Ten  tons  of  sla^-k^  ilesignated  B,  whs  iii^stHl  in  making  wasihing  test  158; 
and  this  coal,  wa^shedj  in  additinii  to  14  tons  of  slack,  designated  C, 
as  shipped,  was  used  m  making  steaming  test  (on  briquets)  393;  also 
in  coking  test  124,  cupola  tests  110  and  136,  and  hriquetting  te^it  122. 
Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2995 
was  taken  1 ,000  feet  north  of  the  drift  mouth,  where  the  coal  measured 
3  feet  in  thick ne^ss.  Sample  2096  was  taken  2,000  feet  south  of  the 
drift  mouth  J  inhere  the  coal  measuretl  3  feet  6  inches  in  thickne^s- 

GHEiaGAL  ANALYSES. 

Tennessee  No.  i. 


l£hie  <iunp]M. 

CftT  wiraplei. 

BtoHiOlBg  imtM,a 

A, 

BttOdC 

A. 

B. 

a 

m 

364.    ; 

365. 

393. 

Laboratory  No_  _ . 

2063 

3,44 
29.24 

0.21 
.73 

J9m 
3.77 

»]L1 
2.m 

27.23 

^.7ti 

14,110 

.94 

4.  SI 
8,90 

3U4 
4.70 

.74 

5.02 

54. 6S 

1.20 

0.01 

aii5 

4.  as 

2S.TS 
9.25 

.m 

5.tH 

1.24 
9.e«j 

Air^^ryliW  lo" -  - 

4.46 
27.36 
5.^.70 
12.48 

1.01 

4.63 
74.13 

J. 37 

5.76 
13, 0« 

l.Ofi 

3.4S 
27.86 
56.34 
12,3-2 

.n 

4tlti 

74.{a 

1.3S 

5.T6 

13.76 

.S2 

a.eo 

28.40 

53.  ae 

14-74 
.7B 

4,52 

72.43 

1.34 

pri.61 

1.1.28 

.SI 

4.94 

Volfttllpmatto^--...,... 
FLsed  carbon . ,  ^  * .  „  „ , . 

A8h....„ 

Sulpliur^, ,.,.,,* ,.,, 

29, » 

Ultimate: 

4.60 

Carbon.  ^ ,  ,.„...*- , . .-, 

77.  CO 

KttrQgen...    *..,..^.- 

L43 

5.M 

Ait,., _„„._., ,„..„, 

* 

10,30 

9Ti!phur 

,S3 

CabriR<3  value  (as  roCHlvi-d): 

7,M4 

t(,94H 
22.  ^10 

G,37K 
li;4S0 

(i,537 
11,767 

7,313 

;»,iija 

Z.2SS 
13,  US 

CaJculated 

from    u  J 1 1-  ciilniiea . , 

jiiatG   anal-  R*  t.  u  ... 

yais , 

a  Proxiinute  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 

STEAMING  TESTS. 

TeniK^ssee  No.  9. 


Size  as  shipped 

Size  as  used: 

Over  1  inch per  cent . . 

i  inch  to  1  inch do 

I  inch  to  i  inch do 

Under  i  inch do 

Duration  of  test hours . . 

Heating  value  of  fuel B.  t.  u.  jmt  j)()Uiu1  dry  coal. . 

Force  of  draft: 

Under  stack  damp<T inch  water . . 

Al)ove  lire do ... . 

Furnace  t(>niix'rature '^  F . . 

Dry  fuel  ust^i  per  square   foot  of   grate   surface   per  hour, 
pounds 

Equivalent  water  evaporated  jn^r  scpiare  foot  of  water-heating 
surface  i)er  hour pounds. . 

Percentage  of  rated  horsepowc^r  of  l>oiler  develoiM'd 

Water  apparently  evaporatc<i  per  i)Ound  of  fuel  as  lired. 
pounds ' 

Water  evaporated  from  and  at  212°  F.: 

Per  pound  of  fuel  as  fired pounds. . 

Per  pound  of  dry  fuel d(» 

Per  pound  of  combustible do 


Test  303. 

3-in.  1. 

12.  6 
24.5 
24.5 
38.4 
10.0 
1:^.257 

0.  fw'. 

.  15 

2. 2tvi 


3.  5 1 
l».s.  5 


S.  50 
s.  S9 
10.  47 


A. 
Test  3ti4. 

3-in.  1. 

13.8 
22.4 
23.8 
40.0 
0.05 
13.333 

0.70 

.19 

2,  2<H) 


3.  Kl 
100.9 


7.20 

8.41 
8.71 
10.15 


B  and  C. 

Test  365. 

Test  393. 

Hn.  1. 

7.1 
17.3 

22.8 

52.  8 

9. 98 

12,938 

See  p.  2,54 

10.13 
13,{il3 

0.71 
.24 

2,284 

0.  t^.2 

.23 

2, 27G 

21.01 

21.00 

3.52 

98.8 

4.07 
114.0 

(j.itZ 

7.71 

8.10 
8.40 
10.16 

9.a3 
9.43 
10. 62 
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STEAMING  TESTS— Continued. 
Tennessee  No.  9. 


Test  363.  Test  364. 


Efficiency  oi  boiler,  including  grato per  cent 

Fuel  as  fired: 

Per  indicated  horsepower  hour pounds 

Per  electrical  horsepower  hour do. . 

Dry  fuel: 

Per  indicated  horsepower  hour do. . 

Per  electrical  horsepower  hour do — 


64.76 


3.33 
4.11 


3.18 
3.93 


63.09 


3. 3(') 
4.15 


3.25  I 
4.01 


Teat  365. 


i\2. 70 


3.49 
4.31 


3.37 
4.16 


B  and  C. 


Test  393. 


66.  W 


3.13 
3.87 


3.00 
3.70 


Remarks. — Test  393  on  briquets,  which  were  very  firm  and  burned  freely,  with 
long  flame  and  without  smoke.  They  swelled  in  the  fire  and  then  fell  to  pieces. 
Nearly  all  of  the  briquets  were  fired  whole.  Clinker  solid,  heavy  and  brittle,  and 
of  a  light-brown  color. 

WASHING  AND  COKING  TESTS. 

Tennessee  No.  9. 

Washing  test  158  {codL  B,  slack). — ^Jig  used,  Stewart.  Raw  coal,  19,385  pounds; 
washed  coal,  14,420  pounds;  refuse,  4,965  pounds. 

Coking  test  124  {coals  B  and  C,  slack). — Size  as  used:  Finely  crushed.  Duration 
of  test,  49  hours.  Coal  charged,  12,000  pounds.  Coke  produced,  7,948  pounds;  66.23 
per  cent.  Breeze  produced,  283  pounds;  2.36  per  cent.  Total  yield,  68.59  per  cent. 
Light  gray  with  some  little  deposit  of  carbon.     Good  coke. 

Analyses. 


Moisture 

Volatile  matter. 
Fixed  carbon — 

Ash 

Sulphur 


Washing  test  158. 

Coking  test  124. 

Raw 
coal. 

Washed 
coal. 

Coal. 

Coke. 

5.68 

4.02 

4.02 

0. ;». 

25.36 

27  79 

27.79 

.:«) 

.'iO.41 

58.28 

58.28 

S.').  78 

ia55 

9.91 

9.91 

13.44 

.u 

.85 

.85 

.61 

Cupola  tests  of  coke  made  from  Tennessee  Nos.  9  B  and  9  C  coal  {washed). 

CHARGE. 


Cupola 
test 
No. 


110 
136 


Ck>ke.a 


Test 
No. 


124 
124 


Specifto 
grav- 
ity. 


Ratio 
iron  to 
coke.- 


Fluid- 
ity 
strip 

fuu: 


Perct. 
99.9 

93.05 


Materials. 


Coke... 
Pig  iron 
Scrap . . . 
Coke... 
Pig  iron 
Scrap . . . 


Di\ision8  of  charge. 


1. 

3. 

Lbs. 

Lbs. 

Lbs. 

190 

60 

60 

570 

420 

420 

190 

140 

140 

200 

58 

58 

600 

413 

413 

200 

138 

138 

aSoIj^ur  in  ash,  0.04  per  cent.     I*hosphoruH  in  coke,  0.096H  p'-r  oont . 


Total. 


bs. 

Lbs. 

Lbs. 

60  , 

60 

4;iO 

420  i 

420 

2,250 

140  1 

140 

750 

57 

57 

4:i0 

412 

412 

2,250 

i:i7  , 

137 

7.50 
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Cupola  tests  of  cokr  made/FOm  TenjfU'MCf^  Nos.  9  B  and  9  G  coal  {washed) — Contiiiued. 

BKCMBD  OF  MELT. 


Cuiwlft 
No. 

Elast  pfeuUTv. 

In— 

WeJglit  of  Iron, 

Mdtlng. 

On  ai— 

Mjix- 

PoilfBd. 

Addi- 
lloiml 

Total. 

Time. 

Rale 

per 

hour. 

Iron  to  Loss* 
coke. 

Iron. 

Ciok^. 

110 
136 

0?. 

7 

Min. 

6 
7 

1,9^ 
2,106 

110 

2,060 
2,33fl 

2fl 

5,«7 

B.2& 

Per  f  r.' 

e.S3 

.1. 

7J{5 
fllfi 

m 

LADLE  HBCQfiD. 


Test  110. 

Teat  136. 

IjidlflNo. 

TOit  110. 

Test  130. 

LadlflNo. 

Poundfl. 

Time 
(p.  in.>.^ 

Foutlila. 

Time 
(p.  mO- 

Poimdi, 

Time 
(p,m.>. 

Founds. 

Ttnw 

(p.m->. 

J 

46 

86 

loa 

24 
05 
100 
101 

10(3 
lft4 

137 

3.43i 

3.4T 

3,47 

3.*94 
3.60 
3.53 

110 
43 
77 
103 
HI 
30 

m 

101 
104 

73 

3l67 
3.571 

$.m 

3.50 
1,00 

COO* 

tor 

1.01^ 
4-03 

4.0? 
4.  DC 

13 

14...,,,,. 

1& ^. 

16.- 

17 .. 

IS......,, 

W . 

30 ,. 

21........ 

22. .. 

97 
87 
100 
105 
gs 
08 
03 
80 
91 

3.54 

3.57i 

3.5ft 

3.60 

401 

4(W 

t^ 

406 
407 

107 
8» 
»4 

lor> 

03 
84 
91 
109 
02 

m 

67 

05 

40<H 
407 

J „. 

»,.. 

4071 
40& 

6.. ..._... 
6 „.. 

B ,„„ 

4004 
410 
4101 
411 

f ,_. 

4.111 
4  13 
41^ 
4  14 

10.., 

la -,. 

3.531 

113 

24........ 

Eenmri^. — Teat  110:  Iron  very  hot  and  fluid. 

BEIQUETTING  TEST. 
Tennessee  Nos.  9  B  and  9  C  (washed  slack). 

Test  122. — Size  as  used:  Over  }  inch,  1.2  per  cent;  y'^  inch  to  \  inch,  5.5  per  cent; 
^V  inch  to  j\  inch,  12.5  per  cent;  ^V  inch  to  i}^  inch,  23.8  per  cent;  through  ^^  inch, 
57  per  cent.  Machine  used,  English.  Temperature  of  briquets,  179.6°  F.  Kind  of 
binder,  water-gas  pitch;  laboratory  No.  3410  (see  p.  40).  Weight  of  fuel  briquetted, 
14,400  pounds;  average  weight  of  briquets,  3.24  pounds.  B.  t.  u.  per  pound  of  coal  as 
received,  13,163;  per  pound  of  briquets  as  fired,  13,047;  per  pound  of  binder,  16,478. 
For  analyses  of  briquets  see  page  252  (steaming  test  393). 

With  5.4  and  5.6  per  cent  binder,  briquets  were  fairly  good,  but  somewhat  crumbly 
at  edges.  W'ith  6.6,  7,  and  8  per  cent  binder,  outer  surfaces  were  very  firm  and  smooth, 
fracture  coarse,  but  not  crumbly;  broken  surfaces  very  hard.  In  drop  test,  with  7  per 
cent  binder,  the  1-inch  screen  held  85.6  per  cent  and  passed  14.4  per  cent.  Weathering 
test:  All  binders  exposed  222  days;  condition,  B.  Not  enough  coal  was  furnished  to 
make  briquets  on  Renfrow  machine  for  comparative  tests. 

Ext r action  a na lyses . 


I'itch. 


Briqupts, 
test  122. 


Laboratory  No 3410 

Air-<lrying'loss percent 

Extracted  bv  CSj:  I 

Air-dried do 

As  received do. . . .         79. 98 

Pitch  in  l)riqiiets  as  received do 1 


2.5 

5.45 
5.31 
6.41 
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TENNESSEE  NO.  lO. 

Bituminous  coal  from  a  mine  located  1  mile  north  of  Orme,  Marion 
County,  on  the  NashvilFe,  Chattanooga  and  St.  Louis  Railway,  was 
designated  Tennessee  No.  10.  This  coal,  as  worked  from  the  outcrop 
at  this  place,  averages  5  feet  8  inches  in  thickness. 

This  sample,  consisting  of  slack  coal  shipped  under  the  supervision 
of  W.  J.  Von  Borries,  was  used  in  making  steaming  tests  (on  briquets) 
407  and  408,  washing  test  173,  coking  test  156,  cupola  tests  111  and 
127,  and  briquetting  test  128. 

Two  mine  samples  were  taken  for  chemical  analysis.  -Sample 
3009  was  taken  2,200  feet  northeast  of  the  opening,  where  the  coal 
measiu-ed  5  feet  8  inches  in  thickness.  Sample  3010  was  taken  2,500 
feet  northwest  of  the  opening,  where  the  coal  measured  5  feet  8  inches 
in  thickness. 

CHEMICAL  ANALYSES. 

Tennessee  No.  10. 


Laboratory  No 

Air-drjdng  loss 

Proximate: 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon  

Nitrogen 

Oxygen 

Ash 

Sulphur 

Calorific  value  determined  (as  received) {^^ t "u* ' 


Mine  samples. 


3009 
2.00 

3.31 
31.71 
61.87 
13.11 

1.30 


6,774 
12,193 


3010 
2.00 

3.37 
32.38 
53.13 
11.12 
.66 


Steaming  tests.a 


407. 


408. 


2.46 
30.89 
61.80 
14.85 

1.02 

4.47 
71.53 

1.30 

6.43 
15.22 

1.05 


2.88 

30.84 

49.55 

16.73 

.96 

4.56 

69.82 

.92 

6.48 

17.23 

.99 


I 


a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 

STEAMING  TESTS. 

Tennessee  No.  10  (washed  briquets). 


Duration  of  test hours . . 

Heating  value  of  fuel B.  t.  u.  per  pound  dry  fuel. . 

Force  of  draft:     . 

Under  stack  diamper inch  water. . 

Above  fire do.... 

Furnace  temperature "  F . . 

Dry  fuel  used  per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-hoating  surface  per 
hour pounds . . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  poimd  of  fuel  as  fired pounds. . 

Water  evaporated  from  and  at  212*  F.: 

Per  pound  of  fuel  as  fired do 

Per  pound  of  dry  fuel do 

Per  pound  of  combustible do 

Effidencv  of  boAJer,  including  grate per  cent. . 

Fuel  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  fuel: 

Per  indicated  horsepower  hour do 

Per  eleetilcal  horsepower  hour do 

«  Avenge  is  not  representative  of  test.    In  one-third  of  the  observaXioiva  XYve  \;5imv<iT«A,\rK.  "v*.^  v^q 
low  to  he  ZMd  by  Wanner  optical  pyrometer. 


Tost  407. 

Test  408. 

4.72 
12,667 

3. 87 
12,272 

0.68 

.18 

al.l84 

18.05 

O.fiS 

.15 

2. 226 

19.28 

2.80 
78.6 
6.53 

3. 32 
03.1 
7.21 

7.58 
7.77 
9.42 
59.24 

10.  S3 
67.91 

3.73 
4.61 

3. 37 
4.17 

3.64 
4.49 

3.2S 
4.05 

/?^rriflrjf*.^Teat8  mad*?  rm  English  bri^uPt^T  which  were  broken  in  iwn  hefCre  firiD^, 
They  cracked  open  to  a  depth  of  1  i  int-iies,  but  coked  and  kept  their  shape  untU 
entirely  coneunaed.    No  smoke.    jVsh  and  clinker  were  brown.  '^ 

WASHING  AlTD   COKIN0  TESTS, 
Tenneflsae  No.  10  (l-iucb  Black). 

Wkshing  ttit  !  74 . — J  ig  UEied  ♦  Stewart .  Raw  cotd  *  HO ,  500  |kjii  ndf  ^  wiiehed  ami ,  47,400 
pounds;  refuse ^  13,100  pjunds. 

Coking  lest  15fi. — Size  as  used:  Waehod.  fmoly  <.nii^hetl.  Duration  of  test,  63  hours. 
Coal  chtttged,  11,690  pounds.  Coke  protluced,  (5,900  pounds;  59.02  per  cent.  Breeze 
prt>ducedt  757  pounds;  fl*48  per  cent.  Total  yield,  65*50  per  cent.  Poor  coke;  soft 
and  dense;  heavy  hl&ek  butt;  practically  no  cell  atmcture;  high  a»h. 


— J^ -_ 

Wftshingtiittim 

Raw       Waalied 
coed.          cofli. 

CaMQgr  test  ISH 

Com.         CoJffl. 

MoliUire ., ..-„^..,-^^,,.*-— ^..,. 

3.^ 

7.  OB 

7.80 

iS^33 

13,50 

LC7 

,ii 

Vixflfl  f^fhnn    J    ,    ,  ,„    ii^.,  „    t   vi-<-   *   i   i--j-f    fjv--4.t   t    *    •    " 

77  St 

Aih *.><-...,„...*...-.„. 

J&74 
.SB' 

.98 

lft7l 

Cupt^Jii  ir^t^t^coke  tfmtkfrfrm  Teni\€Mt€  Nth  10  vaai  {ttHt»keti). 
niAHOE, 


Ciipo- 

llLUSSt 

DokiL* 

I 

BlvlslnM  of  cbai^. 

Test 
No. 

Materials, 

2.            3. 

C 

:  Tot*u 

til 

1 
1 

Lno  1         7 

rCflke _        230 

] Pip  iron.. ...        <tflO 

£6t.       IM. 
SO  .          50 
W^  i        1300 

SO 
^100 

.Ul           430 
son        ^/^w 

127 

i.flO  1 

1 

Iscmp .-,...1        230 

Coke 1        230 

130          J.10 

i30  '        130            7M 

_,.„„! , 

"    1       r 

«  nionphonts  ill  cfike,  0.09W)  per  cent, 

Rmi4itk» , — Tent  111:  B I  aj^t  < !  n  f mm  10.51  a .  ni .  f or  30  m  i  n  u  t^r  a  t  maximu  m  preartirp 
of  7  ourcew;  no  iron  nieltefl.  Te>it  127:  Coke  hod  put  in  and  blaet  put  on  for  20 
minutes^  coke  would  not  ignite;  bottom  dn.>pped  without  charging  iron. 

BBIQUETTING  TEST. 

Tennej«tsee  No,  10  ( I -inch  i^lark.  washed)* 

'frjtl  IJ,^.  —  Kind  of  hinder,  ^uter-^ii-^  l>itf'h:  LalMiraton-  Nn.  MW  isee  p.  40).  Weijtrlit 
(if  fuel  briqueMeil.  ^15,4(H>  [Kiond^.  B.  I.  u.  per  p*mnd  of  rrml  fmm  civrsiunpie,  11.5%: 
per  priund  of  briquet.^  u.h  hreil,  1 1JI20;  jier  pound  of  hinder,  16,475,  The  briqueta 
made  with  the  Hiree  percentages  of  pilch  f5.5,  6.5,  aud  G,7)  were  all  gotxi* 

En|t^lisK  )iri{.[uei^  made  al  175^  F.,  averj^sfe  wci^trht  '^X^^  [ntundfi.  with  5.5  per  cent 
hinder,  cmdd  hf'  rough ene<l  slightly  by  rubbing:  ( inter  ttiirfa^^ea  crumbled  ^hglitly 
%"hen  l>r(tk(?ii.  Rnquetj*  with  tl  and  fi.JS  pt-r  t  ont  binder  cnold  lie  rfni|ffhene«i  ^slightly 
by  nubbin  j»;  no  tor  surface!^  hanl  and  '^mtH^tlK  bpTkci]  <snrfiu  e.^  ver)^  hiird  and  rough. 
In  \he  ilrop  \oM  of  English  l>rii|Tie1ri  witli  'i..^  prr  (vnT  binder  lire  l-inrh  screen  held 
31.7  per  cent  and  passefl  18. ill  ]ipr  ci.*ni;  M'ith  fi  per  cent  binder  the  screen  held  90^ 
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per  cent  and  passed  9.9  per  cent;  with  6.5  per  cent  binder  the  screen  held  89.1  per 
cent  and  passed  10.9  per  cent.  In  the  weathering  test  all  briquets  were  exposed 
203  days,  condition  B.  For  analyses  of  briquets  see  page  255  (steaming  tests  407 
and  408). 

Renfrew  briquets  made  at  149°  F.,  average  weight  0.53  pound,  with  6  per  cent 
binder,  showed  crumbly,  fractured  surfaces.  With  6.5  per  cent  binder  briquets  were 
tougher  and  did  not  break  as  easily,  and  broken  surfaces  were  firm,  but  still  appeared 
short  on  pitch.  In  the  weathering  test  briquets  with  both  binders  were  exposed  204 
days;  condition  B. 

Extraction  analyses. 


Laboratory  No 

Air-diying  loss 1 per  cent. 

Extracted  by  CSt:  • 

Air-driea do... 

As  received do... 

Pitch  in  briquets  as  received do. . . 


Pitch. 


79.98 


Fuel. 


.3359 
5.20 


1.39 
1.32 


I  Briquets, 
test  128. 


TENXKSSEE  NO.    11. 

Bituminous  coal  from  Ozone,  Cumberland  County,  on  the  Ten- 
nessee Central  Railway  was  designated  Tennessee  No.  11. 

This  sample  consisted  of  slack  coal  through  li-inch  bar  screen. 
It  was  shipped  without  inspection,  as  additional  samples  of  the  run- 
of-mine  coal  are  to  be  obtained  later  when  an  inspector  will  be  sent 
to  the  mine  and  mine  samples  taken.  The  following  tests  were  made 
on  this  coal:  Washing  test  178,  coking  test  160  (washed  coal),  and 
cupola  tests  144  and  179. 

CHEMICAL  ANALYSES. 
Tennessee  No.  11. 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter 
Fixed  carbon... 

Ash 

Sulphur 


Car 
sample. 

3471 
2.30 

3.53 
20.76 
47.85 
27.87 
.90 


Cur 
sample. 


Ultimate: 

Hydrogen 4. 13 

Carbon o«).  07 

Nitrogen 1. 10 

Oxygen .    <i.  S-i 

Calorific  value  (as  received):  *  I 

r\^4.^„',„^A                         /calories..!  5.702 

Detemuncd \B.  t.  u...|  10.2(i4 

Calculated  from  ultimate /calories.,  i  5.031 

analysis \n.  t.  u...  10.^76 


WASHING  AND  COKING  TESTS. 

Tennessee  No.  11  (slack). 

Washing  test  178. — Jig  used,  Stewart.  Raw  coal,  42,000  pounds;  washed  coal,  27,500 
pounds;  refuse,  14,500  pounds.. 

Coking  test  160. — Size  as  used:  Washed,  finely  crushed.  Duration  (»f  lost,  40  hours; 
coal  chaiged,  11,890  pounds;  coke  produced,  7,650  pounds;  04.34  per  cent.     Breeze 
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pToducerf^  550   pounds;  4.63   per  c#nt.     ToUl   yield  iSJIT  [wjr  rent,     P^xir,  dense 
cuke;  aeli  vory  liigh. 


- 

WMhlu^  te»t  iTii. 

COftl, 

-Washed  , 

C04lt      1 

VoUtUi?  mutter,, „,.,,, „,,...,... ^.,....,., ,... 

a.  53 

ao7* 

27,87 
.00 

Sulphur......: _.,.-. _....,.,..*,v.,..-.,K-*-* 

Cukji«  tAtt  lao. 


2.1.  m 
aft 


1,11 

80,  H 
17,  Ei 


Cujioh  Uitt  t^/mktt  mmdrfnmv  TmmesM^  No.  J  J  coat  iu^anfial}. 


Capo]* 

%Mt 

No. 

Otftfi. 

FluJ4- 

MAtttrtalii. 

D  jvlsloai  qf  ehxc^s^ 

T6«t    '^P^^ 

Rutici 
imn  to 

sErtp 
full 

1 

3. 

4. 

&. 

ToUL 

141 

1 

ie»      t.w 

T 

r 

mm 

/Cok««.....!.. 

Flf  IfOB^.... 

240 

mo 

220 

two 

48 

rao 

B3 
3f« 

m 

47 
510 
52 

m 
m 

Lb*. 

47 
^7 

13a 

3,000 

2,250 
7fiO 

RECORD  OF  MELT. 


Cupobi: 
(flflt 


144 


Blflit  prensure. 


On  at— 


10.50  u^  tti.,, 


Maxi- 


Irnn 

Miug 
la — 


Weight  of  Iron. 


Meliing:. 


I  Becovened. 


Ow. 


Min. 


Ifl 


Poum!. 


Addl- 
tlomil 
melted. 


TottiL  Time. 


Lbs.     Min. 
~J4l    ""2Q 


Rate  I  Uutio  I 

per   (irnji  toi  Loss., 


hour. 


1^. 


c-oke. 


Per  rt, 


frou. 


Xbtf. 


a,223       3^58       2,03  3,18» 


Coke. 


Ladlo  N<i 


LADLE  RECORD. 
Test  179. 
E'oimds. 


Time 
(a.  ra.). 


Tost  179, 
Pounds 


11.52      5. 
11.56      ti. 


Time 
(a.  m.). 


11.57 
12.  a3 
12.04 


RemarLs. — Test  144.     l^last  on  32  minutes:  no  iron  melted:  all  pig  iron  used  t<i 
determine  effect  of  sulphur.     Test  179:  Iron  cold  and  sluggish. 


TEXAS. 
TKXAS  NO.  3. 

Lignite  from  Olsen,  Milan  County,  on  tlie  International  and  Great 
Northern  Railroad,  was  designated  Texas  No.  3.  The  lignite,  as 
worked  at  a  depth  of  63  feet  at  this  place,  averages  6  feet  6  inches  in 
thickness. 
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This  sample  was  shipped  under  the  supervision  of  W.  J.  Von  Bor- 
ries.  It  consisted  of  lump  lignite  over  a  f-inch  screen  and  was  use^l 
in  making  producer-gas  test  93. 

Two  mine  samples  were  taken  for  chemical  analysis.  Saniplo 
2562  was  taken  400  feet  east  of  the  shaft  where  the  coal  measured  (i 
feet  5  inches  in  thickness.  Sample  2563  was  taken  500  feet  east  of 
the  shaft,  where  the  coal  measured  6  feet  7  inches  in  thickness. 


CHi 

mplcs. 

2563 
29.00 

35.56 
28.91 
27.49 
8.04 
.75 

IMICAL  ANALYSES. 

.Texaus  No.  3. 

Mine  sa 

2562 
29.10 

36.01 

27.95 

28.66 

7.38 

.77 

Car 
sam- 
ple. 

I 

Mine  8 

amples. 

Car 
sam- 
pie. 

Laboratory  No 

2734 
23.50 

31.06 

27.67 

33.39 

7.88 

.99 

6.53 
44.70 

!  Ultimate — Continued. 
Nitrogen 

•      1 

Air-dryings  loss 

0.90 
30.00 

4,372 
7.S7n 

Proxhnate: 

Oxygen 

Moisture 

VolatUe  matter 

Fixed  carbon 

Aflh 

Calorific    value  (as  re-  | 
ceived): 

1         Determined  |^*?';f« 

3,9t)2 
7,132 



Sulphur 

Calculated] 
1            from  ulti- 
1            mate  an- 
1            alysis  — 

calories. 
B.  t.  u.. 

' 

Ultimate: 

4,203 
7.5f)5 

Carbon 

1 

1 

PBODUCER-OAS  TEST. 


Texas  No.  3  (lump). 


Test  93, — Size  as  tised:  Over  1  inch,  61  per  cent;  i  inch  to  1  inch,  18  per  cent;  } 
inch  to  1  inch,  8  per  cent;  under  J  inch,  13  per  cent.  Duration  of  test,  50  hijurs. 
Average  electrical  horsepower,  200.1.  Average  B.  t.  u.  per  cubic  foot  of  gas,  171.8. 
Total  coal  fired,  25,500  pounds. 


Coal  consumed  in  producer  per  horseiyower  hour  {pounds). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


Equivalent  used  by  producer  plant  dtounds). 


Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard. 

Per  brake  horsepower: 

Commeroiaify  available — 
Developed  at  engine 


Coal  as  I  T^_,  „^,   Conibus- 


2.70  I 
2.5.")  I 


2.20 
2.17 


:.47 
1.33 


1.83  ! 
1.73  ' 


1.47  I 


1.07 
1.80 


l.r»7  I 
l.'>8  ! 


i.r,o 


1 . 3.') 
1.2H 


1.71 
1.02 


1.40 
1.3H 


Coal. 


Moisture 

Volatile  matter. 

Fixed  carbon 

Ash 

Sulphur 


Analyses. 


I 


Gas  by  rolumr. 


32.20  :  Carbon  dioxide  (COa) lo.  3 

.mil      ('arl)on  monoxide  (CO) \\\.s 

28.82      Hydrogen  (Hi) 14.  s 

8. 87   ;  Methane  (CII4) 2.  4 

0.88  I  Nitrogen  (Nj) '',1.3 

Oxygen  (Oj) l 

I  Ethylene  CCiU4)  "^ 


REPOET   U,  S»  FUEL-TEBTTNG    PLANT,  1906-t< 


TKXAH   NiK   4- 

Lignite  from  Iloytj  Woad  County,  on  the  Missouri,  Kansa^s  and 
Texas  Railway  was  tlesignate<l  Texas  No,  4.  The  eoal,  as  worked  at 
a  depth  of  45  feet  at  this  place,  averages  7  feet  in  tlurkness. 

This  sample  was  shippecl  under  tlit^  supervision  of  W.  J.  Von  Borries* 
It  eonsisted  of  run- o famine  coal  and  was  used  in  niaking  steaming 
tests  291 J  298,  and  303 ;  producer-gas  test  92,  ami  briquetting  test  1 12, 

Two  mine  samples  were  taken  for  chemical  analysis.  Samjjle  2635 
was  taken  1,100  feet  southeast  of  the  slope,  where  the  coal  measured 
6  feet  6  inches  in  thickness.  Sample  2636  was  take^  400  feet  north 
of  the  slope^  where  the  coal  measured  S  feet  in  tliickness. 


CHEinCAL  ANALYSES, 

Texas  Nu.  4. 


MtttO  B 

hmpl««. 

Car 

su?*miug  tt^U^a 

1>JL 

3QB. 

aoa. 

IjfttlOTBtOTy  No                           i-                  ri 

20.90 

m.sa 

2g.O0 

a.  as 

.53 

28.40 

31.87 

27.09 

7. 84 

.60 

3717 
L'fl.TO 

33.  sa 

37.  GO 

U.35 

7.30 

.51 

fl.flS 

43.12 

.7J 

41.68 

Air-dTyiTi|^  iffiw.        ,  .   ,   .     i,.  .   j. 

■    '" 

3K.27 

25,14 

S.Ol 

.51 

4.33 

l.m 

17.23 

116? 

.TO 

se.ao 
30,  ai 

«,10 

4.32 

IW.83 

l.OS 

17,  Ih 
iii.Sfl 

.70 

MM 

Volatile  mattBt.... ^- ^-.... 

Fixed c*rb<wi             .,-,#^  ^** 

a7.aa 

18*17 

Afik .,. 

10.  W 

Sulphur      .     ,......«1.^1^\. 

.§8^ 

Ultimatp: 

Hydrogen. ^^ ..^.... 

4.91 

Carbon 

63.72 

Nitrogen.....  . 

LOS 

Oivgjtn .,,,,,,,„._.  ,,,,,_. 

17.14 

As£.    .     .. 

VL^ 

Sulphur 

]/\ .::. 

.83- 

CalnrijQt:  vaIih^  (as  rei:?0Wod)T 

'B.  t,  11... 
\B,t.u-.. 

7,101 

4,lfl5 
4,003 

Dyt(3rnilnpd. 

fiiilfi^)^!!!^!  fr^Tn  UltfTtTftV^ 

oimlyiiEs.^ .  ^ ..........__ . 

' 

f"^"""^' 

a  Pn^^cimiit^  annlyaltt  ol  fuel  us  fl  rM;  uUltttate  unalyitlB  of  dry  hid  flgurpd  fntim  oflraampleL 
STEAKING  TEST&. 


.hmint 


fJUf^  as  U/H<*1  L 

OvvT  I  inch ....*.,*.,.  ,..^. .......  ^- ,.  * ..  ,,^, ......  -  ,T*f  <^»t 

j  iiit^i  to  1  Inrh-  ..^.,.-_..i,,,,i,._._.*»--.....,.,.^. .......... . ,dt». 

I  hich  to  i  hifh. .-...  ,.^.*...,^...,.,.i, ,...,,,,*.,,,..,. i.vv..i^-du., 

riJ(1*T  I  [IlL^h ,  .  i. ^  .  ..!____..!...  __.  i  .  ^  ..I  __ ._  i.  I  .,1 ^ llfl 

nurfttton  of  tf^At 

Kind  ol  Kmli'. ...,,.-.-.  — .,...-., 

Ho^f m|4  V iiluo  of  t'oiiL . . B.  t.  il.  jH+r  ptntnil  dry  i>Oftl , , 

Fort^*  of  druft: 

UntJor  ^tack  dflmppr... ,.. ._......,.... ...IntJh  wator». 

AIjoto  firv. ...,-.._..,.,....  ,^,....,.. ,.,.... .......;.,.  ..do.,,. 

In  luih  ]iTt. . . _ ..do._^. 

Ktiniflfi"  t^miiiTft tTJ w ...... , .  . , °F, , 

n  T^'  rr»u  I  U8f^  p<  T  fl  1 1  im  It-  f oot  of  pra  iJ^'  su  rf acr  jh^t  h  nu  t pouudi! , , 

li^iuivjili-nli:  wjiti?r  (ivuporaU^  jM-f  pqiutft'  font  tif  WHl^'r-hmtitig  ^Urfj^MU' 

p^T  bou r. , -  -pounda . . 

Fen-t'ntdp^  pf  Tnwd  Imrsi.'pnwf r  of  boibr  dii*vnlo]T<'d ... 

Water  uppurt^o  tly  evHporatt.tJ  jKjr  pound  of  t'oal  us  fired pounds 


iv-jtasil.    TMit398, 


Twtana. 


10, 1^ 
0,70 


,49  1. 
IJIV  i 

.1,  IS 


44.2 
21.7 
U.O 
20.1 
7.  IS 
Rot^kinff. 
llpO^  I 

O.OI 
.1^ 


14.7 
b-.2 
14.7 

Hmiking. 
U,077 

0.i>5 


:*.71 

iwa 


2,299 
L«.1S 

a.  44 

9n.4 


p  Too  abort  for  rGlfEibk'  rt^sults. 


t*  I-ttrt't'd  drafL 


TESTS — TEXAS. 

STEAMING  TESTS — Continued. 
Texas  No.  4  (run  of  mine). 
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Water  evaporated  Irom  and  at  212®  F.: 

Per  pound  of  coal  as  fired do. . 

Per  pound  of  dry  coal do. . 

Per  pound  of  combustible do. . 

Efficiency  of  boiler,  including  grate per  cent 

Coal  as  fired: 

Per  indicated  hors^wwer  hour pounds 

Per  electrical  horsepower  hour do. . 

Dry  coal: 

Per  indicated  horsepower  hour do. . 

Per  electrical  horsepower  hour do. . 


Test  291. 


4.40 
6.90 
8.09 
59.86 

6.43 
7.94 

4.10 
5.06 


Test  298.  i  Test  W3. 


3.75 
5.88 
6.86 
51.16 

7.5-1 
9.32 

4.81 
5.94 


4.60 
.'").62 

49.00 

6. 15 


5.o;j 

6.22 


PBODUCEB-OAS  TEST. 
Texas  No.  4  (run  of  mine). 

Test  92. — Size  as  used:  Over  1  inch,  68  per  cent;  J  inch  to  1  inch,  16  per  cent;  }  inch 
to  1  inch,  7  per  cent;  under  \  inch,  9  per  cent.  Duration  of  test,  50  hours.  Average 
electrical  horsepower,  193.4;  average  B.  t.  u.  per  cubic  foot  of  gas,  156.1;  total  coal 
fired ,  24 , 550  pounds. 


Ckiol  consumed  in  producer  per  horsepower  hour  (pounds) 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 

EquivaiefU  used  by  producer  plant  (pounds) . 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

C-ommerdallv  available 

Developed  at  engine. . . .- 


Coal  as    J)  J    roni]>iia- 


2.66 
2.54 


2.26 
2.16 


2.87 
2.74 


2.43 
2.33 


1.75 
1.67 


1.49 
1.42 


1.61 
1.54 


1.32 
1.20 


I.  07 


.42 


Analyses. 


Cbal. 


Vas  by  volume. 


Moisture 34.08 

Volatile  matter 33.15 

Fixed  carbon 25. 32 

Ash 7.45 

Sulphur 49 


Carbon  dioxide  (COj) 10. 3 

Carbon  monoxide  (CO ) 20.  o 

Hydrogen  (IIj) 15. 4 

Methane  (CH^) 2. 5 

Nitrogen  (Ni) 51. 8 


BBIQTJETTIN6  TEST. 

Texas  No.  4. 

Tett  lii?.— Machine  used,  English.  Temperature  of  briquets,  179.6°  F.  Kind  of 
binder,  coal-tar  pitch;  laboratory  No.  2933  (see  p.  40).  Amount  of  binder,  5,  0,  7, 
and  8  per  cent.  Weight  of  fuel  briquetted,  4,500  pounds.  B.  t.  u.  per  pound  of  fuel 
as  received,  11,333;  per  pound  of  binder,  15,937. 

Briquets  were  of  a  brown  color  and  full  of  cracks.  The  different  percentages  of 
binder  had  no  relative  effect  on  the  firmness;  all  fell  apart  when  the  pitch  hardened. 
None  was  satisfactory;  did  not  bum  well.  They  did  not  swell  nor  crack,  but  gradually 
disintegiated  in  the  fire,  burning  slowly  with  characteristic  lignite  sparking.  In  the 
weatheriqg  test  all  briquets  were  exposed  75  days;  condition  D. 


m 
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UTAH. 


UTAH  NO*  I- 


Bitmnmous  coal  fram  prospf^ct  on  Huntington  Creek,  Carbon 
County,  was  desiguated  Utah  No.  I. 

Run-of-mme  coal  was  shipped  with  consideralile  difTiculty  and 
without  inspection  from  this  prospect  t.o  the  testing  plant*  It  was 
furnished  principally  fur  coking  tests  and  no  inin^  samples  were  taken. 
The  coaJ  was  used  in  making  producer-gas  test  IIS,  coking  test  130, 
cupola  test  118,  and  briquetting  test  126;  also  mixed  with  Rhode 
Island  Nn.  1  in  steaming  tests  (on  briquets)  414  and  415  (see  p.  223), 
coking  teats  141  and  157,  and  briq netting  test  ]27, 

CHEMICAL  jyfALYSES. 
Utali  No*  L 


C»f 


L&borAtDrf  Ko....... SlW 

AIr-dry1i3|g  loflA. .......  - Xftt 

FtoidjD&tfi 

MolatDre. .„......-*,... a  OS 

VolatUfl  iii»tt«^r. .  _ . , .  H  -^ —- *i!  ►  <1S 

FlJleU  csrlMiD ,  ..^^^^ 47.  OH    I 

Aah... 1  4.m  I 

Sulphur..........  .^'i  \ 


._  .  \ 


VHUattUK 

HyilroBsn---- -^^,*~^^.m». 

?*lirogien ........,,«_.«. 

CvJoriOf!  value  {a»  nneivid)! 


Car 


L7t 

15.12 
13.  LSI 


PRODUCEE-QAS  TEST. 
1  lull  \<t.  I  <rim  of  miut^). 

Tt'st  1  IS .     D Ti n\ t  ton  1 1 f  1 1 -^t .  5<  k  hi  n i r^ ,     A  \i ^ragi  m - 1 1:  rt ri fill  h* iTw^p*>wi ^r.  2t)n .  2 .     A  vc^ r- 
agi'  B.  Ih  11,  giw  pfr  rubir  ii^A,  171.4.     Total  r^ml  Jired,  14,250  pounds. 


ftrod. 

1 

Tlble. 

Coat  amitumfd  in  prmturrr  / 

rr  Anr;*r/«wvT  A<>Hr  (fWNn^l^i. 

i 

Pe  T  dltct  ricAl  ho  ra«ijri\i  f  r: 
rymrai*r\ialJy  Hvailnbin. . 

Comuiorciitllv  jnnllnbh'  — 

— :::::;::::::::::;::i::: :!:::. 

1  Its 
M7 

1 

1.B8 
1  17 

L  u 
1.05 

AntiiifRi$. 

CmU 

(hti  bfi  r&ttttit4, 

lioi*tTmi.., .. 

VolAt  ilp  niMttPr-.  .     

KiJLi'd  rarhi>a , 

Aah... ■--,.- 

., ^>m    Trt Thou  til rttuUMTO 

n. 

:".:*' 

_      22.2 

--     15.7 

2.B 
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COKING  TESTS. 

Utah  No.  1  (nin  of  mine). 


,  Test  130.  ;  Test  141.  I  To.st  l.o7 


I 


Siee  as  used 

Duration  of  test hours. 

Coal  charged pounds . . 

Coke  produced {piitent:. 

Bree»  product! {^^-^^y 

Total  yield .  .do. . . . 


f.  c.  I         f.  c.  I  f.  c. 

49  I            GO  I  48 

11,810  I      12,000  12.000 

5,550  :      None.  ,  3.504 

46.99  ! 29  20 

1,418  1 3.208 

12.01    20  73 

59.00  I .5,^..  93 


Remarks. — Test  130:  Dull-gray  color;  very  finoly  fingered,  with  practically  no  cell 
structure.  Test  141:  Attempt  was  made  to  improve  coke  from  Utah  No.  1  l)y  lower- 
ing volatile  of  Utah  No.  1  by  addition  of  one-third  Rhode  Island  No.  1  (graphitic),  but 
with  no  success.  Test  157:  Mixed  with  one-fourth  Rhode  Island  No.  1;  coke  very 
poor;  half  did  not  stick  together;  other  half  very  p>oor  and  finely  fingered,  as  in 
test  LSO. 

Analyses. 

Test  130.        I   Coal,    i       Tost  157. 

test  - 

Coal.      Coke.        141.        Coal.      Coke. 


Moisture l  5. 83  i 

Volatile  matter I  41. 89  I 

Fixed  carbon I  47.  44  I 

Ash 4.84 

Sulphur I  .56  I 


2.53 

1.37 

88.06 

8.04 

.64 


4.08 
28.  4:^  j 
57.  .52  ' 

9.97  1 
.45  ' 


4.60 
35.;i8 
53.07 

(•).  95 
.4(>  I 


1 .  50 

1.3H 

WJ.  07 

11.05 

.57 


Cupola  test  of  coke  made  from  Utah  No.  1  coal. 

CHARGE. 


I 

Cupola  I 

^t    ,    Test 

No-    !    No. 

1 


Coke.o 


118  I 


130 


Specific 
gravity. 


Ratio 
iron  to ; 
coke. 


Materials. 


Divisions  of  charge. 

'I 
2.       i       3.       I       4. 


I  Lbs. 

ICoke 200 

7  ^Pigiron (500 

[Scrap 200 


Lbx.  Lbs.  Lbff. 

58  !          58  ,  57  I 

413  I        413  412  ! 

138  j        1.38  1.37 


Lb.^. 


412 
137 


T<)t;il. 


Lbs. 
430 
2.2.50 
7-,0 


a  Phosphorus  in  <;oke,  0.00.5  per  cent. 

Remarks. — Blast  on  at  10.41  a.  m.  for  20  minutes  at  maximum  pressure  of  7  ounces; 
no  iron  melted;  bed  burned  out. 


BBIQTJETTIN6  TESTS. 

Utah  No.  1  (run  of  mine). 

Test  Its. — Size  as  used:  Over  J  inch,  1.4  per  cent;  jV  i^^h  to  }  inch,  5.6  per  cent; 
j\y  inch  to  ^  inch,  14.4  per  cent;  j^j^  inch  to  ^  inch,  25  per  cent;  through  ,V  ii^<^*h, 
53  per  cent.  This  coal  was  briquetted  with  low  percentages  of  binder,  with  the  idea 
of  utilizing  the  natural  resin  (probably  copalite)  contained  in  the  coal.  With  4  and  5 
per  cent  binder  the  heat  in  the  machine  would  not  melt  the  natural  resin,  and  tlie 
briquets  were  very  short  on  binder  and  crumbled  l)adly.  With  6  per  cent  binder  the 
airSacea  of  wliole  briquets  and  of  fracture  crumbled.    The  use  of  a  still  higher  per- 
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eeiitage  of  pitch  wouM  improve  the  briquGts.  No  drop  tests  were  made  on  the#je 
hrir|iiei'9  and  no  other  regular  data  were  obtained,  on  aeetiant  of  the  small  amount  of 
the  sample. 

Test  1J!7  (with  Rhode  Island  No.  /),— Sixe  as  used;  Over  { inch,  1  per  cent;  ^\  inch  to 
I  inch,  5.8  per  cent;  .^^  i'**^h  to  ^^  mvh,  9.4  per  cent;  ^  inch  to  .^jj  inch,  26.4  per  cent: 
through  ^  inch,  57.4  per  cent.  Tliia  teat  waa  made  to  prove  the  viahie  of  briquetting 
a  good  fuel  with  one  that  is  commercially  worthless.  A  high  volatile  coal  low  in  a^h 
was  choeen  to  mix  with  the  graphitic  coal  Various  percentages  were  fried,  bet  47 
per  cent  of  each  coul  and  f3  per  cent  binder  made  an  eBtirely  satisfactory  briquet. 
RLs:  ppr  cent  binder  made  excellent  briquets;  outer  surface  smooth  and  polishefl* 
and  verj"^  hard;  briqueta  bffike  without  crumbling,  and  bmken  eurfacea  were  amocith 
and  Imrd.     For  analyses  of  briquets  eoe  page  223  (steaming  tests  414  and  415). 


Tffift  136. 

T«t  127. 

TeatiaCi. 

TiBrtm. 

Uacbtop  a^d. 

H«mf. 

9f^  g.  p. 

3410 
4.A.0 

a43 

DetAtie    of    mftniifaoiur4> — 
Rear.  !  -   Continued. 

Tfetit  mlu*!  jwr  iKJimd— 

B.  t.u , 

w.i^.p.                  Fuel  ftBtlreti  .B.I*  u., 

BindBr. ...do... 

3410      Wf^jitberlng  t«at! 

h          Tt«M^ej!po«d dayi.. 

C^ditUm... ,.... 

0.5 

la,  161 

'iti.''i73 

3t4| 

c 

TeiumriilurB  nf  brf quets,  , 

Diinltr— 

Kiiifi 

12, %m 

12,  SSI 

LiitHiriitory  Nq»  [iwh 

p.*lk. ,    , 

Amount . ,  ^pern^itt . . 

Iriiul  l>  r  I  q  11 « 1 1  ihJ, 

pntinda ^^,, . 

Wriquptfi,  nvtra^t^ 

214 
B 

ETtratHon  antttyneg. 


Pilch. 


Laborator>'  No 

Air-dr>ine'loss per  cent. 

Extracted  1)V  CSj: 

Air-dried do . . . 

As  received do. . . 

Pitch  in  briquets  as  received do . . . 


Fuels 


ITtah 
No.  1. 


:il99 
3.  Si) 


a.  98 
3. 83 


R.  I. 
No.  1. 


3141 
3.4 


Briquets. 
[  lest  127. 


»■..  89 
0.40 


UTAH  NO.  2. 

Bituminous  coal  from  Coalville,  Summit  County,  on  the  I^nion 
Pacific  Railroad,  was  designated  Utah  No.  2.  The  coal,  as  worked 
at  a  deptli  of  295  feet  at  this  place,  averages  10  feet  in  thickness. 

The  sample  consisted  of  slack  through  a  1 J -inch  screen  and  was 
shipped  under  the  supervision  of  John  W.  Groves.  It  was  used  in 
steaming  tests  (on  briquets)  402,  403,  and  404,  and  briquetting  test 
132;  also  mixed  with  Rhode  Island  Xo.  1  in  steaming  test  416  (on 
briquets,  see  p.  224)  and  briquetting  test  133. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  3200 
was  taken  5,000  feet  east  of  the  slope  bottom  on  the  500-foot  level, 
where  the  coal  measured  10  feet  2  inches  in  thickne\ss.  Sample  3201 
was  taken  4,500  feet  east  of  the  slope  on  the  400-fo()t  level,  where 
the  coal  measured  10  feet  7  inches  in  thickness. 


TESTS — UTAH. 
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CHEMIGAL  ANALTSEB. 

Utah  No.  2. 


Mine  samples. 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture..- , 

Volatile  matter. 

Fixed  carbon 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Ash. 


3200  I 
5. 70  I 

14.07  I 
37.21 
42.46  I 
6.26 
1.28 


3201 
5.20 

13.86 

39.69 

41.19 

5.26 

1.32 


3259 
2.30 

12.66 

38.30 

43.19 

5.85 

1.39 


Steaming  tests.o 
402.       I       403.       I       404. 


Sulphur 

Calorific  value  determined  (as  /calories. . 
received) \B.  t.  u... 


6.817  . 
10, 471 


11.53 
38.91 
43.83 
5.73 
1.36 

4.70 
72.15 

1.27 
13.86 

6.48 

1.54 


9.32 

39.68 

45.05 

5.95 

1.37 

4.75 
73.30 

1.27 
12.61 

6.56 

1.51 


10.02 
39. 82 
43.  41 
0.75 
1.34 

4.63 
71.62 

1.29 
13.47 

7.50 

1.49 


I 


a  Proximate  analysis  of  fuel  as  flred;  ultimate  analysis  of  dry  fuel  figurod  from  car  sample. 

STEAHIKO  TESTS. 

Utah  No.  2  (briquets.) 


Duration  of  test hours. 

Heating  value  of  fuel B.  t.  u.  per  pound  dry  fuel. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do . . . 

Furnace  temperature °  F . 

Dry  fuel  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface 

per  hour ; pounds . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  fuel  as  fired pounds. 

Water  evaporated  from  and  at  212  °F.: 

Per  pound  of  fuel  as  fired do... 

Per  pound  of  dry  fuel do. . . 

Per  pound  of  combustible do . . . 

Efflciencv  of  boiler,  including  grate per  cent. 

Fuel  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  fuel: 

Per  Indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


Test  402. 


6.15 
12,636 

0.65 

.18 

2,064 

24.83 

2.87 
80.4 
4.43 

5.12 
5.78 
7.23 
44.18 

5.52 
6.82 

4.89 
6.04 


Test  403. !  Test  404. 

1. 


2.75 
12,791 

10.08 
12,586 

0.43 

.20 

2,253 

0.55 
.22 

16.28 

17.19 

2.58 
72.4 
6.19 

2.47 
69.2 
5. 04 

7.21 
7.95 
9.22 
60.02 

0.48 

7.20 

8. 5*) 

55. 24 

3.92 
4.84 

4.36 
5.39 

3.56 
4.39 

3.93 
4.85 

Remarks. — Test  402  on  English  briquetH,  from  test  132  (see  p.  200),  which  were  ])r<)ken 
in  two  before  firing;  they  burned  with  some  flame  and  held  together  well  in  tlie  fire, 
with  no  smoke.  Tests  403  and  404  on  Renfrow  briquets  from  test  132,  wliich 
burned  with  a  medium  flame  and  very  little  smoke,  and  disintegrated  badly  in  the 
fire.  Very  fine  dark  ash  fell  through  the  grate  in  large  quantities,  mixed  witli  a  good 
deal  of  green  coal.  No  clinker  formed  with  the  English  l)riquets,  and  very  little  with 
the  Renfrow  briquets. 

BBIQITETTIKO  TESTS. 

Utah  No.  2. 

Test  ISt. — ^This  coal,  sent  primarily  for  briquetting,  had  all  the  characteristics  of 
lignite.  Oil  shale  was  sent  to  be  used  as  a  binder,  l)ut  all  efforts  to  use  it  for  this  pur- 
pose utterly  ftdled.     The  English  briquets  with  5  and  6  per  cent  binder  indicated  a 
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ahorUg©  of  pi  toll;  niuer  inirfacea  rough,  but  cnimbly  and  porouB;  cruoibly  at  fractUT^, 
and  l)rtiken  and  frurture<l  Hurfacesi  wore  utit  linu.  Briqueta  with  7  per  (*eut  hinder 
Bhfwed  improvement  oxgt  the  uthc^re,  hut  wert?  nut  aatisiactory;  fiuter  surface  harder^ 
but  (xiuld  \m  n>ugbeu€^l  hy  nil:d>ing;  did  Jiot  breiik  clean;  fractured  3tiria<es  tioi  hard. 
In  tlie  cLp>p  t^,  with  6  i>er  cent  binder,  the  I -inch  screen  hebl  54.4  jier  f^eut  and  paseied 
44.0  per  cent.  T\\e  Renfruw  briquets  with  G  p**r.cent  biuder  wcjre  soft  and  showed 
flbortage  of  pitch.  Those  with  7  per  cent  l>inder  sl\owe<i  impmvemeut:  brolse  with 
crumbly  fmclure  arid  Itmken  aurfacea  not  fimi.  Eight  per  cent  binder  made  gwxl 
bricjuet*,  with  \mnl  outer  surface:  broke  clean,  and  broken  surfaces  firm*  For  analyses 
of  briquet-s  aee  page  -6o  (jHteaming  testtt  4ft2,  403,  4(14). 

TVj*/  tSS.—ln  thisi  lest  Rhcxle  Island  No.  1 » the  only  available  hifh-\'oIatil©  coal,  waa 
c'bo#en  in  order  to  supplement  the  data  of  test  127  (p.  2iH).  Te«t  133  was  not  suc*.*^f?- 
fiilj  atf  cim]  showed  characteriatius  of  ligniler  both  in  briquettiTij;  and  bunung.  Ttie 
mixture  containeti  47  per  cent  of  each  c*3al.  Briquets  v^'ith  fi  per  cent  binder  were 
U>ug)i  and  hard;  u\iter  surf^we  nm^joth  ami  very  hard,  the  fracture  r*jugh^  Imt  clejin 
and  iirm.  No  drop  tests  were  ma^ie.  For  analyBes  of  briquets  see  page  223  (fiieaming 
tctit  416), 


Tut  133. 


Bixfi  fts  used: 

Ovspf  i  iaoh,,.,... ,., ..........Mp.....pef  wq 

A  lnc£  to  I  loch.,. .,,. --.,.,..--,,—.,***.*-,.,,.. do- 

X  tiii:th  to  Atnch..,-i_...„...^,^,*,*^.-..__.— „ «,,... da. «,«; 

Xloelito^  iach.,._, ,.. .,,,^. ._.,,_, ^.i^i^*^,,.. *40'- 

iTddef  ^jj  iacta.  _..».,.. *-,— .—,,..,... ...do.. 

DeWla  ol  m^aatactur?: 

Miktihliu^  mwd, ., ^,._.,.,^, ___„„,,,,____ .^^.^^^..-- 

TomperatuJi?  of  brlqiip4». .. ,^,. ».,.,, .*^- ^... *. .^*,^,,-,.„ ,..._"?.,_ 

Kln^l.      .. ._ _........... 

Ujtboftttpfy  No.  (nee  p.  4li; . ..,.,.,  — . ,._.,.,,.„,, 

Amounts ........,,  w^_. ..^... ...pofi^eiit.. 

Weight  of— 

Ftml  lirf qyett*d. , ...... ,,,_„, , „,poiuicU.^ 

Jirlqnels.  avorjigie  _,,.... . . . ....... . . . > do. , , . 


ncttt^vftiiK"  fwr  poum!, 


Fmc'L  Oil  fir^ 

Wea,  the  ring  tBe^t 

Tinw  pxjwwd ..,„..,._. .linys. 

rondltitpn,, ^._, _* ................. .....: 


B.t.u. 
,.do.-. 


Extract  ion  a7ialy,v:s. 


Laboratory"  No 

Air-drying  loss per  cent . 

Extracted  by  CSj: 

Air-driod do... 

As  recoived do . . . 

Pitch  in  briquets  as  receiyed do. . . 


Pitch. 


Fuel. 


Utah     ;     R.  I. 
No.  2.  '     No.  1. 


3259  I 
2.30 


3141 
3.40 


.02 
.02 


Briquets. 


Test 
132. 


Test 
133. 


4.69 

0. 

lo 

4.61 

6. 

0<) 

5.46 

'■ 

54 
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VIRGINIA. 


VIRGINIA  XO.  o 


Anthracite  coal  from  the  bed  known  as  the  '*Big  seam"  (Brush 
Mountain  field)  10  miles  west  of  Blacksburg,  Montgomery  County, 
was  designated  Virginia  No.  5.  The  coal,  as  w  orked  from  the  outcrop 
at  this  place,  averages  7  feet  8  inches  in  thickness. 

Two  samples  were  shipped  under  the  supervision  of  R.  T.  Carroll, 
Virginia  No.  5  A  consisted  of  pea  coal,  and  was  used  in  steaming  tests 
476  and  482  and  producer-gas  test  154.  Virginia  No.  5  B  consisted 
of  10  tons  of  slack  coal,  and  was  used  in  steaming  test  494  (on  briciuets) 
and  briquetting  tests  187  f  and  188. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  4092 
was  taken  750 -feet  south  of  the  opening,  where  the  coal  measured  7 
feet  10  inches  in  thickness.  Sample  4093  w^as  taken  15  feet  away, 
where  the  coal  measured  7  feet  6  inches  in  thickness. 

CHEKICAL  ANALYSES. 


Virginia  No.  5. 


Mine  fMiinpIos. 


I   Car  samples. 

A.  B. 

I 


Steaming  tests.n 


I 


3.10 

3.51 
11.06 
67.79 
17.64 
.84 


Laboratory  No '     4092 

Alr-dr3ring  loss 

Proximate: 

Moisture 

VolatUe  matter 

Fixed  carbon 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Ca  rbon 

Nitrogen 

^.Yf";;::::;;:;;;::::::::::: 

Sulphur 

Calorific    value    deter- jf calories, 
mined  (as  reodved) .  .\B.  t.  u. . 


4093 
2.40 

2.98 
10.94 
64.14 
21.94 
.68 


6,483 
11,669 


A. 


4287 
4.10 

4.80 

10.12 

67.05 

18.03 

.63 

3.91 

69.27 

.66 

7.50 


6,()45 
11,9()1 


B. 


!  Briquet- 
ling 
tost 
lN7t.'> 


4294    . 
7.10  ;. 

7.52  I 
10.29 
65.96  I 
16.23  I 

4.37  I 
69.05 

.69  i 
9.01  I 


4417  , 


♦).  607 
11.893 


4.73 

4.60 

5.02 

11.  ()4 

11.51 

15.52 

65.05 

6().51 

64.51 

18.58 

17.38 

14.95 

.67 

.60 

.84 

3.53 

3.58 

3.66 

72.22 

73.45 

75.82 

.69 

.70 

.88 

3. 36 

3.42 

3.02 

19.50 

18.22 

15.74 

.70 

.63 


.88 

4.  52 

14.28 

15.27 
.79 

3.6S 
76.17 
.81 
2.51 
16.00 
.83 


oProxlmate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figun'd  from  ear  sample. 
6  Proximate  analysis  of  fuel  as  received;  ultimate  analysis  on  dry  basis. 

STEAMING  TESTS. 

Virginia  No.  5. 


Size  as  used: 

Over  linch 

I  inch  to  1  inch 

linchto^lDch 

Under  (inch 

AvezBge  diameter. . 

Duration  of  test 

Heating  Talne  of  fuel. . . 


Test  476.    Test  482.  iTest  4fM.« 


B 


percent. 

do... 

do... 

do... 

inch. 

hours. 

t.  u.  i)er  pound  dry  fuel. 


4.0 

31.1 

37.7 

2.72 

0.53 

9.40 

12.472 

2.1 
23.0 
3<1.4 
38.5 
0.45 
6.53 
12,679 


See]).'Ji>i. 


7.00 
I         13. 122 


a  On  briquets,  equal  weights  from  tests  187t  und  188. 
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STEAIUHQ  T£STS--Continu£<L 


Fon^  of  draft: 

Undtar  Alack  damper. ... .^., .. ^^,__, _„  ^^, .,,„,„_. „  Joc^  winter. . 

A^»ve  flrp . , . , , „ , . ....... , ... .(itj. . . , 

In  Ash  pit  ....,......,.,.........»_„,...„„„  „ ..,, ,  „ , . do„ , , 

Dfy  fUei  tiAefl  per  eqimrv  font  ol  er&te.tiiirfajw  perbonr. ........ .pounds. 

B{}tilimUint  wa^ttf r  tivapoTateil  per  aqiMiv  foot  of  w^Kter-bfiiitliig  iurfo<^ 
per  hour. , — .... .pAiuids. 

Perepntii^  of  rated  horwpowpf  ol  bolkr  desTfioped,. „,,.„. 

WiLU^r  Appiinmtly  Hrapoiuted  p^r  mniud  of  futJ  an  Drwl. . . . .  -_poandfl. 

Wtttpr^vHp^iffttud  from  and  at  ;?12*  P.: 

V^T  pound  of  fiieJ  fl*  flnfd .,.,. , ..,...., .do^,.,, 

rpr  pmifid  oj  dry  ft?«"L ,,—».., *,_„*.., ,-„,,,..,.,,, do*.., 

Fer  poaod  af  eomlnifl:iljle...._....i.*.*..^^ **......L.*..,,^^^do...i.i 

£ffid«ncy  of  hQliat,  tueludliig  gmlo . ^ .pereent. , 

Pct  IndJcftted  Ijorjinpowpr  hour 

Per  alHOtrlciil  horsepower  hour .  ^. , .^. ^^ . 

niy  fusl." 

P*r  livdtctLtod  horaflpowE^r  hour.  *  .-..>,  ^ .,..,.,..,.. .  .,**,,*,  .do, 
T^t  flliiotiicuLl  MrHpow^  hour. , .d^. 


.pcFOZid*. 
.T;.do_._ 


Tfflt4T6.   Tat  482. 


d.83 

22.74 

W.7 
6.20 

7.10, 
7.S» 
10-77 

ar7fl 

i.m 
4.m 


Teat  494, 


1-110 
.08 

1*7.7  ! 
5.  §9 

7,13 
7*47 
9,67 
filkPO 

3.7y 
4^117 


0.§4 
.20 


ao.07 

3.58 
10Q.4 
7.  OS 

fls-7a 

4.12 

;i.i7 
a.  01 


a  Bufln^  the  la^t  two  hoTim^ 
PBODUGBB-QAB  TBST. 

Virginia  No.  5  A  (pea). 

Tt^M  J54-^Buration  of  test,  3(1  houra.     Aveiag©  electrieal  horeepower,  l^Dpfi,     Av't^- 
age  B.  t.   11.  por  cubic  fc»gt  of  gas,   lfiO,7,     Total  cnal   fired,   7,960  pounds. 


Coal  consumedin  producer  per  horsepower  hour  (pounds) 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  l>rake  horsepower: 

Commercially  available 

Developed  at  engine 

Equivalent  used  by  producer  plant  (poujids). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchl>oard 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


Coal  as 
fired. 

Dry  coal. 

Combus- 
tible. 

1.37 
1.33 

1.33 
1.29 

1.08 
1.04 

1.17 
1.13 

1.13 
1.09 

.92 

.89 

1.49 
1.44 

1.44 
1.39 

1.17 
1.13 

1.27 
1.22 

1.22 
1.18 

.99 
.9() 

Analyses. 


Coal. 


Moisture 3. 34 

Volatile  matter 11.28 

Fixed  carbon .  > G7. 24 

Ash 1«.  14 

Sulphur 7') 


Gas  by  volume. 


Carbon  dioxide  (CDs) 10. 2 

Carbon  monoxide  (CO) 19. 1 

Hydrogen  (lis) 20.5 

Methane  (ClIO ; 1.9 

Nltrogon  (Xa) 48.2 

Kthvleno  (Cslli) I 


BRIQUETTING  TESTS. 

Virginia  No.  5  B  (slack). 

Tests  187-\  and  188. — Size  as  used:  Over  \  inch,  OS)  per  cent;  j\  inch  to  \  inch,  8.8 
per  cent;  ^}-^  inch  to  y^  inch,  23. (>  ])er  cent;  ^^,  inch  to  r}^  inch,  27.6  per  cent;  through 
j'o  inch,  39.4  per  cent.     A  very  hard,  nonporous  Imquet  was  made  with  G  per  cent 
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binder  on  the  English  machine.  Renfrow  briquets  with  7  per  cent  binder  stuck 
together  in  piling,  showing  excess  of  pitch;  otherwise  these  briquets  were  satisfactory. 
This  is  an  exceptionally  good  briquetting  coal,  requiring  but  a  small  percentage  of - 
binder  and  making  briquets  with  firm,  smooth  outer  surfaces,  sharp  edges,  and  char- 
acteristic glossy  fracture.  For  analyses  of  briquets  see  page  207  (briquets  from  test 
188  under  steaming  test  494). 


Test 
187t. 

Details  of  manufacture: 
Machine  used 

Renf. 

Temperatures  of    bri- 
quets  "F.. 

Binder- 
Kind 

185 

w.  g.  p. 

4543 

Laboratory  No.  (see 
p.  40).-.. 

Amount . .  .per  cent. . 
Welgiit  of- 

Fud    brlquetted, 

7 
8,000 

Briquets,  average, 
pcnind" 

0.457 

Heat  value  per  pound- 
Fuel  as  received, 

B.t.u 

Fuel  as  fired..  B.t.u.. 
Binder do.... 

11,883 
12,542 
16,909 

Test 
188. 


Test 
187t. 


Eng. 


w.  g.  p. 


4543 
6.25 


4,000 
4.11 


11,883 
12,463 
16,969 


Drop  test  (1-inch  screen): 

Ileld per  cent. . 

Passed do 

Tumbler  test  (1-inch  screen) : 

Held per  cent. . 

Passed  fflnes) do 

Fines   through    lO-mesh 

sieve per  cent . . 

Weathering  test: 

Time  exposed days. . 

Condition 

Water  absorption: 

In  19  days per  cent. . 

Average  for  first  5  days, 

per  cent 

Specific  gravity  (apparent).. 


Test 

18S. 


78.5 
21.5 


94.0 
6.0 


96.9 


10 
A. 


14.8 


2.0 
1.182 


85.7 
14.3 


89.3 
10.7 


A. 

12.6 


1.12 
1.209 


Extraction  analysts. 


intch. 


Laboratory  No 

Alr-dryin«  loss per  cent. 


Extracted  bvC8t:  I  | 

Air-dried do — ' 

As  received ^ do j       99.66  | 

Pitch  in  briquets  as  received do. 


Fuel. 


r 


4294 
7.10 


.29 
.27 


Briquets. 


Test 
187t. 


Test 
188. 


4545  I 
3.60  ! 

6.47 
6.24 
6.01 


4417 
4.10 

5.99 
5.74 
5.51 


VIROrNlA  NO.  0. 

Bituminous  coal  from  the  bed  locally  known  as  No.  4,  5  miles 
northwest  of  Richlands,  Tazewell  Comity,  on  the  Norfolk  and  West- 
em  Railway,  was  designated  Virginia  No.  6.  The  coal,  as  worked 
from  the  outcrop  at  this  place,  averages  5  feet  \  inch  in  thickness. 

One  sample,  shipped  under  the  supervision  of  Jolm  W.  Groves, 
consisted  of  run-of-mine  coal  and  was  used  in  steaming  test  507, 
producer-gas  test  160,  washing  test  198,  and  coking  tests  181  (raw) 
and  184  (washed  coal). 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
4304  was  taken  2,000  feet  southeast  of  the  opening,  where  the  coa^ 
measured  5  feet  5  inches  in  thickness.  Sample  4305  was  taken  1 ,600 
feet  east  of  the  opening,  where  the  coal  measured  4  feet  8  inches  in 
thickness. 


370 


RJiFOET   Ur  S.  FUEL- TESTING   PLAlfT|  1906-7* 


CHEHICAL  AKAIiYSES, 


^ 

HJTVP  ji^TnpT^^. 

Steumlng 
tMl  507-a 

LAboratnfy  Nn      .-— *-*^      --  -.-        .*.  . .......... ..>..«.. p. 

4m 

2.40 

-    ^m 

2S.m 

4905 
l.BO 

a.  00 

24.47 
.......... 

4«7» 

5,113 
33.07 
61. 713 

Lai 

4.7» 

l.2li 

3.7S 

I,  IG 

4.4Ji 

CarUon.      .  ^...p.  .-  .    .     .  ..1          .       ,                   **   ,.   ^^  *>♦ 

TnL41 

NttTogsn      .,,.,,,,.,.,...p*.. .,.,,,..*.,... ,*..-,..  ..— ^.,-..'„L..*.,[ 

j.3£^ 

OXTJBfill                                                ...                                     ...               -.        n.......               ..*        ........4..-.       *»'...  K...      ..         ........ 

1^ 

aS^        :::::::;::::::::!:::    I:;  %;::       ::;;:  r; : :; 

ft.  HA 

fitHtAlltf                                   ^,               *        -.,                     J.   ..,.....',..._., . 

J.  21 

ColoHflc  v»jTio  detemttnwd  Cm  l«iwtv«cn {^^J'lS'-' 

14,610 

7.369 
U2M 

..^....... 

A  PrnxttEiH  t«  uimlyeli  of  tud  »»  Af^^  ultlfajil6  aaal7iJ«  nt  dry  fuel  floured  from  Cat  aompla- 

STBAMII76  TEST. 

Virginia  Nu.  6. 


Ovur  1  tDch*^».*.^_ ..^^^.....,^^^^.,...»^^..,._ ......_ ^........^foroent.. 

1  Inch  to  1  Jtwth. .,„... 1. „-. . . ....^^.. .•^..5r<.-. . . .-*#-^r « .♦•**.,.- .^ ***«^^ . . , ..^e... . 

J  Inch  to  j  Iiioh...,.......,^..; ...» .... ...do.... 

UiifUT  \  inch. — , ,„.,.. ,, , . -,.„, ...do 

Avenig^  diuiiiDter.^-^...... .__..... ...... Jnah.. 

Duration  of  test.... ..„. .,.,*.,, ..___i...__._. tiflur*.. 

llfailng  \fihic  n1  noaU,, B.  t-Uv  iwrpmind  dry  coal.. 

Force  in  dnifl^ 

Uudpr  itaolc  dampcrr.*..-....^.^.. ....... .__.... .... ... ..__^_...tntih  water.. 

.Vbove  flrp , -.^„.. -,... ..-,- .  ,,.do. ... 

In  ash  pit  ...,,....„. ..............  — do. . , . 

Dr\'  L^oal  uaetl  im.it  uqiuin]  foc^t  of  gnite  aiiifftm  iwr  hour. ,-, , , . . , . , .  potinda. . 

Eq\iivtilf'rit  Wiit(?r  evatpdniti"  1  piT  HQUure  foot  oi  watpr-htiiitlngaiirface  per  hour ..  ...do^  .^. 

PertTTitagV'  of  nil+?d  horswipfrwPT  of  bolltii'  dt.'velnp(?d  ^ . .,,.„....,... 

W  (I  tc*  r  11  f/ptt  mn  1 1  y  (''  vfi  pt  i  ra  U'd  per  pound  of  co  a  I  »  ^  flrod . . . ,.*  ^poti^d  ■ . . 

Water  t'Vrtpomt(id  from  mvl  at  212*  F*; 

For  pnijiri  of  coul  us  fln*fJ,  ,.^,. , ..,,.._._^__..^.,.,_,.^,,,., ...  ..,.., .^.do, 

ivr  ponjjd  of  dry  coal. .... .....*,........,................ .do..., 

r^r  pound  of  comlmstibia . . , ...,*,;,;.:...,.- , . , . . do .... 

^fFl<?l<.^ntT  of  boiltf r,  i  ticltidla)?  gratt) .^  ,...*.;.*....... per  oent. . 

Coal  its  rfn.^d: 

1  Vr  mdicatrf'd  horsfpow+T  brnir. .  h  ........ . .... . . . . . ............. .  .polindd. . 

Per  eipctricftl  UorsppnTa'(>t  hour , .  ^ . .. , ......... .,„.... . ,.  *  ,*do. . . . 

Dry  coal: 

Per  Indicatjod  liorsppnwprhour ., .,... . .....t ....-^,,.dfi.... 

Per iHeetrirAl  horsepower  hour ....  .. ............... ...*...... ....do  ,., 


Teat  SOT. 


13.  a 
&.0 

ei.2 
-4fi 

aST 

S.S7 
14,177 

.87 

.05 

,1H 

20.  dO 

3.fi3 

101.fi 

7.01 

a.  41) 
60.15 

^,11 

3.30 
J,  05 


PRODUCER-GAS  TEST. 

Viru:inia  X«>.  (>  (run  <»f  luino). 

7V.s/  KiO. —  Duration  of  test.  o()  hours.     Avcrai^c  electrical  horsepower,  193.1.     Aver- 
age H.  t.  u.  jK-r  (•ul)ic  iooi  ..f  i,ras.  i:'»S.I.     Total  coal  fired.  11. ()()()  pouiKls. 


''nnld'"    ^'^y-"' 


CcHiI  con<^iime(l  in  [troduor  per  horscpourr  hour  i /)oundsK 

Per  <'l«x'lriojil  horsopo\V(>r: 

roinmcrciiilly  Mv.iiliiblr - 

Dcvclopod  at  .switclilioanl 

Per  l^rakc  horsepower: 

Conimeroially  availa1>l»> 

Developed  at  engine 


l.is 

1.14 


1.0() 
.97  I 


1.12 
1.09 


.95  1 
.92  I 


1.00 
.97 


.85 
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PBODUCEB-GAS  TEST— Continued. 
Virginia  No.  6  (run  of  mine). 


Coal  as 
flred. 


Equivalent  used  by  producer  plant  (pounds) .  j 

Per  electrical  horsepower: 

CommerciAliv  available ! 

Developed  at  switchboard j 

Per  brake  horsepower:  I 

Commerclallv  available I 

Developed  at  engine | 


1.29 
1.25 


D'y«-''bu'at!bfc. 


1.23 
1.19  I 


1.05 
1.01  i 


1.10 
1.07 


.93 
.91 


Analyses. 


Coal. 


Moisture 4.  SI 

Volatile  matter 22. 77 

Fixed  carbon 62. 64 

Ash 10.08 

Sulphur 1.50 


Gas  by  volume. 


Carbon  dioxide  (COi) 10. 5 

Carbon  monoxide  (CO) 17.4 

Hydrogen  (IIj) 14.3 

Methane  (CH^) 2. 0 

Nitrogen  (Nj) 55. 5 

Ethylene  (CH^) 3 


WASHING  TESTS. 

Virginia  No.  6. 
Test  198. — Duration  of  test,  1}  hours.     Size  as  used,  through  1-inch  screen 


used,  special;  speed,  70  r.  p.  m.;  stroke,  2 J  inches.     Raw  coal 
coal,  6.75  tons,  81  per  cent;  refuse,  1.56  tons,  19  per  cent. 

Analyses. 


Jig 
8.31  tons;  wiushed 


Sample  tested. 


Lab.  No. 


Raw  coal,  car  sample 4573 

Washed  coal,  test  188 i         4578 

Refuse ' 


Mois- 
ture. 


5.62 
6.36 
3.64 


Ash.  I 

I  Sulphur 

i      (P«^r 
cent). 


1.21 
1.30 
0.15 


ercent. 

Percent 
reduc- 
tion. 

9.79 

4.38 
((3.98 

57 

Float  and  sink  tests. 

Ana 
Ash. 

yses. 
Sulp 

Per 
cent. 

<X) 
92 

97 

1.39 
1.7S 
1.75 
2.79 

* 

Size 

Percentage 
of  float - 
Specific  1 

Sink 

(por 

cent). 

in 

15 
15 
13 

hur. 

No.  of  test. 

rfi^h^   1  of"soiu- 
(*°ch).|tionused.      To 
1                 .  refuse. 

To 
total 
sam- 
ple. 

Per 
•cent. 

Per 
cent 
reduc- 
tion. 

IVr 

cent 

ro<lUf- 

tion. 

On  raw  coal  (preliminary) : 

1 
1.35  ' 

K4 

1 

2. 60            54 
2.98            4X 

21 

2 

1.41        >« 

24 

3 

1.45 

85 
87 

2.90 
2.99 
3.02 
3.6.5 

3.44 
3.53 

4  80 

42 
41 

21 

On  refuse  (float) : « 

1 

1.53 
1.35 

15.30 
15. 75 
15.90 
19.25 

20 

2 

3 

1.41 
1.45 
1.51 

5. 3,5 
5. 62 
9.31 

4 

a  Figures  indicate  that  finer  crushing  is  advantageous.  It  will  Ix^  noted  that  in  the  washing  test  t  h(> 
sulphur  shows  A  hi^er  percentage  In  tne  washed  coal  than  it  did  in  the  raw  coal.  This  is  c:ius<m1  by  t  ho 
reouction  of  the  ash  beiUff  so  much  greater  than  the  reduction  of  the  sulphur  that  the  result Iiik"  per- 
centage of  toe  solphlir  to  tne  washed  coal  is  higher  than  that  of  the  original  sulphur  to  the  raw  coal.     Hy 

formiUa  Y— ^""    ^  It  is  found  that  13  per  cent  of  the  sulphur  In  the  raw  coal  was  removed  in  washing. 

Loss  of  "good  ooaf  in  the  refuse  will  not  exceed  2.2  per  cent.    By  "good  coal"  is  meant  all  coal  of  a 
qtikiity  equal  to  or  better  than  that  of  the  washed  coal. 
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COKIHQ  TESTS. 

Virgmja  No.  0  (mn  of  mine). 


Else  Ji«  uncd. ^^.^^,-j,--^^.*--. .._.  ^. ....^....^....^^.M... 

Dumtloti  of  tfi^-.. ..,-..,-.,„„.,»„„,.,,,..,. *,.^,,-,-.-*^*-*.-.-^*.^- -  - 

Coal  ehargpd ...,,,,.-.-,.p.-,,,,i— j..*». ., a. <.--,  —  ..,,,,„.„,.,-,.. -THTOhos. 

Br^pnKt«c«d     ,._.„.,,,_.,.,._„,_,,....... ■--    fe^ 

TotH  yield....... ...,_„.„,„....._.,..„....„.,.,.„„. d»„ 


Teslim 


T«atl»l 


m 

LTI 
^71 


Rttnarks. — Test  181  r  lt\ghi  gray  fi>Inr;  denBe  coke:  breakagp  vctj  irregulai'.     Test 
IS4;  Light  gray  and  silvery;  good  einm^  cok*;  wAiihiiig  reduced  a^li  anil  Bulphur, 


Test  Jftl. 

ThrI  1M. 

Coal. 

Coke. 

OOftl. 

CC*B. 

Mot»tiir«i...., ,,.»„,-..,,,.„.., ,.....,.  ^......  ., 

^05 
B2L1L 

a.s8 

so.  05 
13,22 

fi.4S 

[iM 

VoiUitUi*  njfiU^r,,,,... *,-.,*.„,..„..,...--,.„..,—*...>-.., „. 

24 T7  '         -32 

Flxffd  cftrbpn _,-..„^,^^^.^.-. ...^^..--.,^*>i ........^  . 

640fi         93.73 

Aab,.,, „-,„._l_,,.,.,l„.....,l,,-_... ,,„..:„ 

179          5,71 

SiUphiiT- . .  - » •♦  H..,,,,..*..«,k.,. .......... ..^..^-.^^^^..^...^ii^^tf ..., 

L4G          1-^ 

WAHHLNGTON. 
WASHINGTOX  NO.  1. 

Subbituminous  coal  from  Renton,  King  County,  on  the  Seattle  and 
Tacoma  electric  line,  and  also  on  a  branch  of  the  Great  Northern  Rail- 
way, was  designated  Washington  No.  1.  The  coal  is  reached  by  a 
slope  at  this  place. 

These  samples  were  shipped  under  the  supervision  of  M.  R.  Camp- 
bell, as  follows:  Washington  No.  1  A  consisted  of  pea  coal  and  was 
used  in  producer-gas  test  90.  Washington  No.  1  B  consisted  of  run- 
of-mine  coal,  and  was  used  in  steaming  test  290  and  producer-gas  tests 
89  and  94. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2455 
was  taken  2,400  feet  south  of  the  slope  and  4,800  feet  from  the  mouth 
of  the  mine.  Sample  2450  was  obtained  150  feet  from  the  slope  and 
2,300  feet  from  the  mouth  of  the  mine. 

CHEMICAL  ANALYSES. 

Wa.'^hiiij^^toii  Xi>.  1. 


Laborat ory  Xo 

Air-(iryinp  Ioh--^ 

Proximate : 

Moist  iin> 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 

^  I'roximale  anaVvs\^^  ol  1\\»A 


Mine  samj 

les. 

Car  sample.*^. 

St« 
te 

naming 
^t  29<).a 

24.").') 

24'>r. 
12.90 

17.  <»7 

2(;87             2t>SG 
10.  70             0.  t>0 

If).  04            14.30 

9  1X1 

l«i.  IS 

l-).9<) 

;•;.").  »>."> 

:^y.  13 

31.  .39           ;«.  03 

34.  o3 

;«).  31 

3-9.  12 

41.04           41. ;» 

37.  43 

JN.8«1 

7.78 

11.53            11.37 

12.  08 

.  4r. 

.  43  1 

.01   1            .72 

.58 

iCvrwl. 
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CHEMICAL  ANALYSES— Continued. 
Washington  No.  1. 


Ultimate: 
Hydrogen. 

Carbon 

Nitrogen.. 
Ox3rgen — 


Ash. 


Mine  samples. 


Sulphur 

Calorific  value  (as  received) : 

Determined {b^^Uu..: 

Calculated  from  ultimate  analysis.  •  -{B;^t"u®-  • 


5,559  i 
10,000  ! 


Car  sampler.       |^\"'-'« 


5.57 

5.73 

56.51 

57.27 

1.16 

1.17 

24.62 

2a  74 

5,521 
9,938 
5,438 
9,788 


5,671 
10,208 

5,595 
10,071 


4  77 
66.09 

1.34 

12.  74 

14.37 

.09 


a  Ultimate  analysis  of  dry  fuel  figured  from  car  sample. 

STEAMING  TEST. 

Washington  No.  1  B  (riin  of  mine). 


Size  as  used: 

Over  1  inch per  cent. 

*  inch  to  1  inch do. . . 

I  Inch  to i  inch do. . . 

Under  i  inch do . . . 

Duration  of  test hours. 

Heating  value  of  coal B.  t.  u.  per  pound  dry  coal. 

Foroeof  draft: 

Under  stack  damper inch  water. 

Above  fire do... 

Furnace  temperature °F . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  souare  foot  of  water-heating  surfao*  per  hour do. . . 

Percentage  of  rated  horsepower  of  ooQer  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. 

Water  evaporated  from  and  at  212*  F.: 

Per  pound  of  coal  as  fired do. . . 

Per  pound  of  dry  coal do. . . 

Per  pound  of  combustible do. . . 

Efficiencv  of  boiler,  including  grate per  cent. 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsciwwer  hour do. . . 

Dry  coal: 

Per  Indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


PRODUCER-OAS  TESTS. 

Washington  No.  1. 


Test  21M). 


:«.9 

23.  9 
14. 
22. 
10.0 
11,772 

0.  59 
.  12 
2. 047 
19.  63 
2.  92 
HI. 8 


6.  2.'-) 

7.44 

9.26 

61.03 

4.52 
5.59 

3.  80 
4.69 


Size  as  shipped t*eft. 

Size  as  used :  I 

Over  1  inch per  cent. .  9 

4  inch  to  1  inch do .. . .  35  i 

i  inch  to  i  inch do....  31 

Under*  inch do....|  25| 

Duration  of  test hours . . ,  40  i 

Average  electrical  horsepower 144. 2  i 

Average  B.  t.  u.  per  cubic  foot  of  gas 145.9 

Total  coal  fired pounds . .  18, 900  ' 

19698— Bull.  No.  332—08 18 


St  89. 

Test  94. 

o.  m. 

r.  o.  111. 

45 

TkS 

10 

10 

15 

0 

30 

13 

40 

14 

156.2 

19.-..  6 

159. 2 

144.  1 

16. 450 

6,5.W 
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FBODUGEK-GAS  TESTS— GotiUuued. 

Washington  No,  K 


iteteoCA.)     I     T^a»{B>. 


hour  ipoundt,  . 

Per  i»kctT!JCAi  horactpower: 

CotniuerolallT  aVHiJabk. »»...... . . , . 

DfveJoped  at  ffwlle^  boftidi. . . .  *  ^ . » -  * , 

Per  l>j»ke  Borsepowfr: 

CfUdiutii'Litlj'  fivitU4l>Je.  ^ , ,...►. 

Dei?rIcF|ied  at  engine. ...»,...,.,,.,. ^ ,-., . 


Fpt  fkctrieai  hQivepowe'r: 

Comm«iviiillj  ar^lahle. . .     ....„, 

Devdopt!d  At  «wiicb  board., ,_._,_.,. 

Fer  br^kt^  bOTaepoVffT*- 

CoTTLiD^reiidly  AViilkhli?^^,.,  ,*,.t,,*»*^.-., 

X>9Viiilop«d  4fct  engine 


a.  79 


coal. 


2.64 
X4S 


bua-  I    ai 


151 

2.S4 

L9& 


21 45 


2,S4 


2.fl3 


a.  31 


103 

3.^ 


COttL 


%B7 
2.21 


2.01 


2.54 
2.37 


2.1« 
2.01 


Com' 
tlbb. 


TmSMCB). 


Coifcl     !>_,  I  CkHH- 
a«    'iilT    bus. 


tm 


3,14 


3.401    ZI3      L77 

2.m   %m  I   L«« 


2.01 


2.73 
2.» 


L71 


2.17 


LBl     2.33     I,H 
LW     a.10  I  1.83 


1.91 

i.m 


L34 


ATUityatt* 


TttJrtW). 

€«mL 

Motrture..--- 

Volatile  mi tttr 

Fli)&d  PArbon....... 

Ash     .. .,,,.... 

Ifk17 

3f7.27  : 
13.56  1 

fiulptur,..-.^ .. 

.S3 

Ticttn. 


1&2I 

3107 

13,37 


TetttM. 


t<L02 
33.27 
3a  SI 
13.90 


CA^jciEt  dioxide 
(COi> 

Carbon  mQDox^idfi 
iCO). 

Hydrogieii  J'Hjk..... 

Hetbnm-  {Cll<fc...,, 

Ojcj-gpii  (0(> 

Ethylene  (Cfll*i,.- 


T««ICD. 


Ttet^iS. 


1L3 
15^4 

las 

3.G 
,0 


TlMifiC 


bl,  4 

14  5 

m7 

51.6 
.0 


12.5 

13.0 
12.  i 
2  A 
57,4 
.2 
.7 


AVASHIXGTOX  XO.  2. 

Bituminous  coal  from  Roslyn,  Kittitas  County,  on  the  Northern 
Pacific  Railway,  wa^s  desi^niated  Wasliin^on  No.  2.  The  coal  is 
worked  at  a  depth  of  625  feet  at  this  place. 

The  sample,  consisting  of  lump  coal  loaded  under  the  supervision 
of  M.  R.  Campbell,  was  used  in  steaming  tests  359,  360,  361,  and 
(on  briquets)  412;  producer-ga.s  test  112:  coking  test  135;  cupola  tests 
97  and  134;  and  briquetting  test  125. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
2457  was  taken  about  6.000  feet  from  the  mouth  of  the  mine.  Sam- 
ple 2458  was  taken  about  2,000  feet  from  the  foot  of  the  shaft. 
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CHEMICAL  ANALYSES. 
Washingtx)!!  No.  2. 


Laboratory  No 

Air-drying  ioss 

Proximate  : 

Moisture 

Voiatile  matter 

Fixed  carbon 

A8h 

Sulphur 

Ultimate: 

Hydrogen i 

Carbon , 

Nitrogen 

Oxygen 

Ash 

Sulphur 

Calorific  value  (as  reeeived)  : 

Determined {b^x^u.: 

Calculated  fromimJoriMi 
ultimate  anal-^^^"®*' 
ysis — 


Mine  samples. 


Car 
sample. 


Steaming  tests.a 


339. 


360. 


2458 

2457 

3098 

1.30 

.90 

1.30 

3.39 

3.36 

3.16 

37.34 

36.15 

36.49 

48.88 

46.58 

48.09 

10.39 

13.91 

12.26 

.33 

.36 

.38 

361. 


5. 15  I 
69.35 

1.24  ! 
11.62 


7,137  ' 


ylcaloriee 
^p.t.u. 


6,992 
12,586 

6,879 
12,382 


3.16 

3.01 

3.59 

2.m 

36.49 

35.63 

35.97 

37.  .39 

48.09 

48.95 

48.85 

48.89 

12.26 

11.81 

11.59 

li.Oti 

.38 

.39 

.37 

.39 

4.96 

4.98 

4.99 

4.8<i 

71.tffl 

71.95 

72.16 

73.02 

1.28 

1.29 

1.29 

1.48 

9.09 

9.12 

9.15 

8.88 

12.66 

12.25 

12.03 

11. 30 

.39 

.41 

.38 

.40 

a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 

STEAMING  TESTS. 

Washington  No.  2  (lump). 


Test  359. !  Test  »iO. '  Test  3r.l. ,  Test  412. 


Size  as  used: 

Over  1  inch per  cent. 

i  inch  to  1  inch do 

I  inch  to  J  inch do 

Under  ^inch do 

Duration  of  test hours. . ' 

Heating  value  of  fuel IJ.  t.  u.  i)er  pound  dry  fuel . . ' 

Force  of  draft: 

Under  stack  damper inch  water. .  i 

Above  fire do | 

Furnace  temperature ^  F . . 

Dry  fuel  used  per  square  foot  of  grate  surface  per  hour, 
pounds t 

Equivalent  water  evaporated  per  square  foot  of  water-heut- 
ing  surface  per  hour pounds. . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  fuel  as  fired. 
pounds 

Water  evaporated  from  and  at  212  f  F.: 

Per  pound  of  fuel  as  fired pounds.  .1 

Per  pound  of  dry  fuel • do • 

Per  pound  of  combustible do. . . . 

EfBctemr^  of  boiler,  hicluding  grate per  cent. 

Fuelasnred: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do — 

Dry  fuel: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


20.9 
21.3  I 
18.0  : 
39.8  I 
10.0 
12,996  i 
I 
0.60 
.13 
2,362 

19.83 


41.4  I 
22.3 
15.3 
21.0 
10.05 
13,059 

0.67 

.12 

2,469 

22.69 


3.47 
97.4 

3.86 
108.4 

7.13 

6.93 

8.50 
8.78 
10.27 
tV5. 25 

8.23 

8.54 

9.86 

63.15 

3.33 
4.11 

3.44 
4.24 

3.22 
3.98 

3.31 
4.09 

33.5 
22.8 
15.8 
27.9 
10.0 
13,095 

0.68 

.12 

2,405 

21.92 

3.82 
107.1 


8.42 

8.73 

10.07 

64.38 

3.36 
4.15 

3.24 
4.00 


See  p.  277 

9.47 
13,243 

0.  ti3 

.11 

2,155 


3.54 
9<».3 

7.49 

S.74 

8.98 

10.  22 

65.48 

3.24 
3.99 

3.15 
3.89 


Remarhi. — Test  412  on  briquets.  English  briquets  burned  very  freely  and  (Tiirked 
open  to  a  depth  of  2  inches,  but  coked  and  held  together  well.  Kenfrow  briquets 
made  a  hotter  fire  than  the  others,  probably  owing  to  the  fact  that  they  were  small 
and  made  a  more  compact  fuel  bed.  The  different  percentages  of  pitch  do  not  affect 
the  burning  qualities.  No  smoke.  Refuse:  Clinker  was  heavy  an<l  was  brittle  when 
hot,  and  slightly  porous.    Ash  was  heavy  and  of  a  reddish-brown  color. 


p 
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FBOBOCIB-OAB  TEST. 

WashingtoR  No.  2  (lunipj. 

T&i  Itt, — Dumtioii  of   teet,   36  boura.    Avenigu    electrit^    honssepoweir    195.7. 
Average  B.  t.  u.  per  cxihw.  foot  of  gai«,  1BB<6.     TgUl]  eoal  fired,  0^300  pounds. 


Vmi  fmummf4  i^  producrt  ptr  horse potfi*t  Iwuf  (.pMifuf^i 

Rrvcltiperl  jit  switchboard...,.,-*..,,,..,..^.,,, p.., .,-.-..„._«,», 

CoeyneirciaHy  avHlIubkj ^... *.....,.. *^.. _......*... 

pHf^opod  at  engitwj., , ..... ...-.,.„.>-..,,...- 


Diyca«L 


Equii^tEtU  U^^d  b^  pf^iirrr  pJunl  ijmu%it% 


Vet  eJfi'tri^Jt!  hofiv^powcr: 

CoriiTin*n1  aJJ  y  a  v  tUl  ftbl<?  *  * , , 

Per  bruke  horatpoTVer: 

Developed  at  etigJno  *,.,**,■ 


'd«4.*'J*i^^-Bii  a.s«» 


ms.*pwfm*m* 


1.41 
L9S 


I-2I 

lis 


urn 


Lao 
La 


I.3S 


Mr 

1.1! 


liuttible. 


LIS 

Lia 


t2i 
I.  IS 


L06 


4n<%i«t. 


OmI. 


(?a#  6jf  ptilmme^ 


ll0titute .....„, l.yi 

VakUlemnttfii'.... ..^  _.._,.,-..* M.«l 

rtied oikrliou .„... 47. m 

atupauu- *,— ., ^ _- ..,    ,38 


Cfl^rbon  dtOJrtdp  (COa) .,  ...-,„ T.ft 

Carbciu  ]noaoxide(CO> *  ^...^, ».».,.,., S^2 

Hydrogen  {Un 1 1&4 

MetUflne  (Cllii, ....-.„..,.,.-,....,„..    1.0 


COKING  TEST. 

Washington  No.  2  (hunp). 
Test  l.io. — 8iz<'  as  used:  Raw,  finely  (TUsIkmI.  Duration  of  test,  30  hours;  eoal 
charge<l,  1(),0()()  j><)un(ls;  coke  pro(luc€'d,  5,477  pounds,  54.77  j)er cent;  V)reeze  produced, 
444  pounds,  4.44  per  cent.  Total  percentage  yield,  59.21.  Light  gray,  with  deposit 
of  carl)on;  lingered  an<l  brittle.  Ash  should  be  lowered  and  coke  probaldy  otherwise 
improved  by  washing. 

Awilysi's. 


Coal.      Coke. 


Moisture 3. 07 

Volatile  matter 37.  42 

¥\  xeU  carbon 47. 35 

Ash 12. 16 

Sulphur 44 


1.02 

2.10 

77.53 

19.  ,35 

.44 


Cupola  tests  of  coke  uuuh   from  WashiiKjton  No.  J  anil. 
cilaK(;k. 


Cupolil 
tost 
No. 


N.>. 


Coko.a 


Fluid- 


it  V.        coke. 


r.»k*'.... 
V\\l  iron. 
S<.Tap... 

Coke 

Tig  iron. 
.'M^rap. . . 


Si>ocinc    Ratio        '  jj  Materials, 

prav-     iron  to     ^'\l  1. 


l>i  visions  of  charge. 


."'7(1 

-Ot 

\2\) 

I'.HJ 

140 

\M) 

1.>(N) 

">S 

."|S 

MM) 

4i;{ 

AVA 

JtH) 

Lis 

\.\s 

o  Phosphorus  m  co^e,  O.O^AT  p^ii  eeui. 


(.V 

L6.«. 

iA) 

i\) 

420 

420 

140 

140 

57 

o< 

412 

412 

137 

137 

430 
2.250 

750 

4.30 
2.250 

750 
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Oupola  tests  of  coke  made  from  Washington  No.  2  coal — Continued. 
RECORD  OF  MELT. 


Cupola 
test 
No. 

Blast  pressure. 

Iron 
run- 
ning 
in— 

Weight  of  iron. 

Melting. 

Reco^ 

-ered. 

Onat— 

Maxi- 
mum. 

Poured. 

Addi- 
tional 
melted. 

Total. 

Time. 

Rate 

per 

hour. 

Lbs. 
2,487 
3.552 

Ratio 

iron  !  Loss, 
tocokel 

Iron. 

Coke. 

97 
134 

9.41a.m.... 
4  27  p.m... 

Oz. 

7 
7 

Min. 
9 

7 

Lbs. 

903 

1,411 

Lbs. 
299 
365 

Lbs. 
1,202 
1,776 

Min. 

29 

.     30 

1 

Perct. 
a03  1  &96 
4.46  ,    3.40 

Lbs. 
1,529 
1.112 

Lbs. 
:« 
32 

LADLE  RECORD. 


Test  97. 

Test  134. 

Ladle  No. 

Pounds. 

Time 
(a.m.). 

Pounds. 

Time 
(p.  m.). 

1 

24 
36 
83 
91 
96 
17 
58 
76 
64 
59 
60 

9.53 
9.56 

laoo 

iao4 

iao4i 

iao5 

iao8 

iao9 

laio 

laioi 

iai2 

78 
30 
80 
44 
78 
41 
73 
98 
26 
88 
84 

443 
4  43J 
446 
4  46) 
4  48 
4  48i 
449 
450 
450* 
4  51} 
453 

2 

3 

4 

5 

ti 

8 

9 

10 

11 

Test  97. 


Test  l.'i4. 


Ladle  No. 


Pounds.  I 


Time 
(a.  m.). 


51  I 
.55  I 
94 
30 
9 


iai3 
iai3i 

10.15 
10.18 
10.19 


Pounds. 


72 

08 
107 
79 
21 
56 
59 


Time 
(p.  m.) 


4  hh 
4  ^^\ 

4.  hi 
4  fui 
4.hH 
4  r)[) 

r).oo 

-).01J 
T).  02 

5.  04 


Remarks. — Test  97:  Inm  cold. 


BRIQUETTING  TEST. 

Washington  No.  2  (lump). 

Test  125, — Size  as  used:  Over  \  inch,  2.4  per  cent;  ^^  inch  to  \  inch,  11  per  cent; 
^  inch  to  x\y  inch,  19.6  per  cent;  -^  inch  to  ^V  inch,  26.2  percent;  through  ^V  inch, 
40.8  per  cent.  Kind  of  binder,  water-gas  pitch;  laboratory  No.  3410  (see  p.  40). 
Weight  of  fuel  briquetted,  12,000  pounds.  B.  t.  u.  per  pound  of  coal  avS  received 
12,586;  per  pound  of  briquets  as  fired,  12,890;  per  pound  of  binder,  16,478. 

English  briquets,  average  weight  3.24  pounds,  proved  that  5.5  per  cent  binder 
was  insufficient,  as  shown  by  general  lack  of  cohesion  at  edges  and  surfaces  of  wh(ile 
briquets  and  of  fracture.  With  6  per  cent  binder,  briquets  were  still  crumbly,  but 
better  than  those  with  5.5  per  cent.  With  6.5  and  7  per  cent  binder,  briquets  were 
cohesive,  with  firm  edges  and  surfaces  hard  and  smooth.  In  the  drop  test  witli  6  per 
cent  binder  the  1-inch  screen  held  87.4  per  cent  and  passed  12.6  per  cent.  In  the 
weathering  test  all  briquets  were  exposed  214  days;  condition  of  those  with  5.5  j)er 
cent  binder  C,  of  the  others  B. 

Renfrew  briquets,  average  weight  0.46  pound,  in  weathering  test  were  exposed 
214  days;  condition  of  those  with  6.5  per  cent  binder,  C;  of  those  with  7  and  7.5  per 
cent  binder,  B. 

For  analyses  of  briquets  see  page  275  (steaming  test  412). 

Extraction  analyses. 


Pitch. 


.percent. 


Laboratory  No 

Air-drylnff  logs 

Extracted  by  CSs: 

Air  dried do. 

As  received do. 

Pitch  in  briquets  as  received do. 


3410 


Fuel       I^riqiiets, 
^"*^''       test  125. 


3098 
1.30 


1.26 
1.24 


G.  90 

(1.  m 
7. 1'J 


WEST  VIRGINIA. 


A  car  of  bone  coal  from  Pocahontas  bed  No.  3  at  Zenith  (Crum- 
pler  station),  Monroe  County,  on  the  Norfolk  and  Western  Rail- 
way, was  designated  West  Virginia  No.  11  B,  Tliis  sample  was 
shipped  under  the  supervision  of  John  W,  Groves  and  used  in 
producer-gas  te.st  161. 

Tliis  carload  was  picked  up  by  hand  beside  the  tipple,  where  it 
bad  accumulated  in  ridges  along  the  trat*ks  by  being  tltrown  away 
while  cleaning  and  loading  cai^.  The  process  of  picking  up  the 
lumps  by  hand  naturally  eliminated  tlie  fine  coal  that  was  bmken 
off  the  lumpsj  making  a  smaller  per  cent  of  good  coal  than  would 
be  the  case  in  loading  from  a  bin. 

No  mine  samples  were  taken  at  tfcie  time  of  aliipment.  One  sample 
of  representative  bone  coal  w*aa  carefully  cleaned  of  all  good  coal 
adhering  to  it  and  sent  in  for  chemical  analysis. 


L 


CREICICAL  AHALY&ia. 

"Weei  Vitginift  No.  11  B  (bone  vosA), 

I^lKjfiitrnT  No*,.*,* — , ,.,.,,.*. ^. ,,.,*,*. iL—  ,,.,,.-.-, ^.....*,,., _-  4S.31 

Alr-iirvingln^s. ..„.. *^..-^_.-,. ^> ,00 

M.»l-;tari' ;. ...,  _...........   . .,. ..,     |.*J2 

Volatile  matter 9. 08 

Fixed  carbon 44.  47 

Ash 45.  43 

Sulphur 30 


PRODUCER-GAS  TEST. 

West  Virginia  No.  11  B  (Ixme  coal). 

Test  J 61. — Duration  of  lost,  50  hours.     Avorago  eloctricai  horsepower,  194.3.     Aver- 
ago  B.  t.  u.  per  eubic  foot  of  gas,  144.0.     ^liotal  <'oal  fired,  18,900  pounds. 


Coal  consumed  in  producer  per  horsepower  hour  (pounds). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  l)rake  horsepower: 

Commercially  availal)le '. 

Developed  at  engine 


Anabjsi  s. 


lired. 


2.00 
1. '.».-) 


1.70 
1.  (I') 


"o-ai-  b^;;^„. 


Co'il. 


Ga.s  by  volume. 

Moisture 0.  -17  Tarbon  dioxide  (COj) 

V'olatile  matter _ 8.  .Vi  Carbon  monoxide  (CO) 

Fixed  carbon 4<..  <Ml  Hvdrogen  (llj). . .'. 

.\sh 43.  74  Methane  (CHr» 

Sulphur 


1.  (HI 
1.  (•>4 


1.12 
1.09 


.  9.') 
.92 


9.7 
19.0 
Hi.  0 

1.0 


.Nitrogen  {S->) .■)2.  G 

o  For  other  tests  »)f  coal  from  this  mine,  made  during  1904.  see  liull.  C.  8.  (Ipol.  Survey  No.  2G1,  1905, 
pp.  5S,  S3,  129;  Prof.  Paper  V.  S.  CJeol.  Survey  No.  4s,  1900,  pp.  K«,  259,  9<J5,  1305. 
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WE8T  VIRGINIA  NO.  I«.a 


Bituminous  lump  coal  from  Monongah,  Marion  County,  on  the  Bal- 
timore and  Ohio  Railroad,  was  designated  West  Virginia  No.  10  A. 
Coal  over  a  j-inch  screen,  loaded  under  the  supervision  of  J.  S.  Bur- 
rows, was  used  in  steaming  tests  304  and  305. 


CHEMICAL  ANALYSES. 
West  Virginia  No.  10  A. 


Stoaming  tests.a 
304.      !      305. 


Projdmate: 

Moisture 

Volatile  matter. 
Fixed  carbon... 

Ash 

Sulphur 


4.12  '■ 

33.83  I 

54.05  I 

8.00  I 

1.17  : 


6.79  I 
31.71  l' 
5:i.61  1 1 

7.89   ! 

1.09  li 


Ultlmato: 
Hydrogen. 

Carbon 

Nitrogen.. 
Oxygen . . . 

Ash 

Sulphur... 


Steaming  tcsts.ci 
304.      '      305. 


.._.___       I.. 

a  Proximate  analysis  of  fuel  as  fired ;  ultimate  analysis  of  dr>'  fuel  figured  from 

STEAMING  TESTS. 
W^est  Virginia  No.  16  A  (lump). 


4.99 

4.98 

77.43 

77.38 

1.58 

1.57 

6.44 

6.44 

8.34 

8.46 

1.22 

1.17 

car  Minii)ic 

Size  as  used: 

Over  linch pt^rcent. 

I  inch  to  1  inch do. . . 
Inch  to  i  inch do . . . 
nder  \  inch do... 

Duration  of  test hours. 

Kind  of  grate 

Ileating  value  of  coal B.  l.  u.  per  pound  dry  coal. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do... 

Furnace  temperature °  F. , 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surfae(>  p(>r  hour, 


pounds. 


.pounds. 


Percentage  of  rated  horsepower  of  Inrfler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired 

Water  evaporated  from  and  at  212^  F.r 

Per  pound  of  coal  as  fired do. . . . 

Per  pound  of  dry  coal do — 

Per  pound  of  combustible do — 

Efficiency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pound.s. . 

Per  etectrioal  horsepower  hour do. . . . 

Dry  coal: 

Per  indicated  horsepower  hour do — 

Perelectrical  horsepower  hour do. . . . 


Test  304. 

Test  305. 

50.6 
22.8 
10.1 
16.5 
5.3 
Rocking. 
13.896 

33.9 
19.6 
19.0 
27.5 
5. 33 

13.9<h1 

0.42 

.14 

2.864 

20.88 

0.49 

.09 

2.548 

16.37 

3.85 
lOK.O 

8.18 

3.33 
93.4 
7.W 

9.8S 
10.30 
11.5«i 
71.58 

9.. =50 
10. 20 
11.29 
70.54 

2.86 
3..'i3 

2.98 
3.»i8 

2.74 
3.  .39 

3:^2 

WEST  VIRGINIA  ^O.    22. 

Bituminous  coal  from  a  bed  at  Ilernshaw,  Kanawha  County,  on  the 
Chesapeake  and  Ohio  Railway,  was  designated  ''West  Virginia 
No.  22."  This  coal  has  not  been  definitely  correlated  with  any  of  the 
well-known  coals  of  the  region.  As  mined  at  the  outcrop,  it  is  5  ivet 
9?  inches  in  average  thickness. 

■    Two  samples  were  shipped  under  the  supervision  of  John   W. 
Groves.     West  Virginia  No.  22  A  consisted  of  screenings  throujjch  a 


•  Wm cithtriegtM oi tiUt coAJ,  made  duiiiig  jyOo,  att^  Bull.  L.  S.  (ie.ov.  S\u\ev  ^v^.'2S*\  V.*.>sv.-2.vt>- 


280 


BEPOBX    U-  S.  FUEL-TESTIKG   PLAKT,  1906-1, 


IJ-ineh  screen,  and  was  used  in  steaming  teats  446,  447,  and  (washed 
coal)  454^  and  in  washing  test  186.  West  Virginia  No,  22  B  con- 
sisted of  nm-of-mine  coal,  and  was  used  in  steaming  test  438. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  3456 
was  taken  400  feet  east  of  the  opening,  where  the  coal  measured  6  feet 
6 J  inches  in  thickness.  Sample  3457  was  taken  1 ,200  feet  east  of  the 
opening,  where  the  coal  measured  4  feet  3  inches  in  thickness. 

CHEMICAL  AHALYBES. 
West  Virginia  No.  22. 


I 


b 


Mln^Aftrnplra. 

Cut 

Steftmf^g  tmtsj^ 

A* 

B. 

Mi, 

i17. 

4M. 

438, 

3Lfthortiti>rv  X». •,,,«< >.,,,*,., 

am 

3L7fi 

M,27 
J13 

50.40 

890S 
3.Q0 

7.  Si 
.e3 

&.Z7 

Ait-'irvitij^  li.ft^^B'*^*.^..  •!*«-> 

''* 

Pro.titEiatc: 

Miilsturo ..,i,,^,,.4.. 

Volii  t  Ui'  ma  1 1  c  r  * , ,  ^„ . .. ,  „ 

Fixed  cturtmn ,.,...p^,.j 

Ash. ..,„,.,. ..,.--. 

SUlplLtlt ......,.,„.. 

.1,44 

,&.^ 

4.72 
7X08 
LU 
G,72 
143», 

13.47 
1.04 

4.72 
72.09 
LIS 

6.74 

14.36 

LiO 

El34 

aa,e7 
.»o 

5,17 
75.  S2 

i.2e 

7.36 
6.44 

,95 

33.40 
SS.27 

7.m 

Ultimate  T 

4.96 

C6rl>oti               ^      J.  ^ 

77  13 

Nitrogen ,. 

1.24 
7.71 

m^  „:::::::.:-:::::: 

ft,  10 

SuLptitir-                   ,_4.    ^^ 

':"""*" 

.m 

CAlorlflo  value  dpter'J«&l<*ri««.  J 

7,674 

7,eT4 

13,  sia 

7,493 
13-  48a 

<i  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 

STEAMING    TESTS. 

West  Virginia  Xo.  22. 


Size  as  used: 

Over  1  inch per  cent. 

J  inch  lo  1  inch do. . . 

i  inch  to  J  inch do I 

t'nder  i  inch do. 

Average  diameter inches. . 

Duration  of  test hours. 

Heating  value  of  coal H.  t .  u.  jxt  p(»und  dry  coal. . 

Force  of  draft : 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  torn  pom  ture °F. . 

Dry  c<ial  used   per  sciuare  foot   oi  grate  surface  i)er  hinir. 

pounds 

Equivalent  water  evajv^ratod  j)er  sipiare  foot  of  wator-hoat  nig 

surface  per  hour ixtunds. . 

Percentage  of  rated  horsepower  of  boiler  develojxMl 

Water  apparently  evaix>rated  per  p«>und  of  coal  as  hred, 

pounds 

^^  ater  evaporated  from  and  at  ■J12'=  F.: 

Per  pound  of  coal  as  fired pounds. . 

Per  pound  i>f  dry  coal do 

IVr  pcMind  of  coinbust  IMe i\(V  . . . 

Elhciency  of  boiler,  includuig  grate ]x^r  cent  . . 

Coal  as  tirrd: 

Per  uidieated  horsei>ower  lunir pounds. . 

Per  el(Vt  ru-al  horsepower  hour do 

Dry  coal: 

Per  indicated  horsei>ower  hour ^\o 

ror  olovtriciil  horsepower  hour do 


A. 

B. 

Test  44r.. 

Teat  447. 

Test  454 

(W.). 

Test  438. 

9.7 
17.8 
21.5 
51.0 
0.48 
10.22 

5.6 
15.8 
20.8 
57.8 
0.41 
9.(>8 
12,843 

15.  2 
2t).8 
21.7 
36.3 
0.61 

.\3.  6 
20.0 
10.0 
16.4 
1.27 
9.  .55 

12.838 

14,152 

13,9t« 

0.81 

.17 

2,td0 

0.81 

.19 

2,  801 

0.75 

.10 

2,793 

0.79 
.09 

IS.  94 

20.  -22 

20. 9*> 

21.97 

:?.  08 
Ml  4 

:\.  54 
t»<^.  1 

3. 93 
110.3 

4.20 
117.6 

•;..  .^8 

7.  W. 

7.  42 

7.89 

7.71 

8.  U> 
10.(V 

td.r>8 

8. 28 
8.  7»1 

10.  r,i 

«■».'>.  87 

8.90 
9.  39 
10.33 
64.08 

9.24 

9.  57 
10.  iO 
Ni.  19 

;v  <"t7 

4. A? 

3.42 
4.-22 

3.18 
3. 9*2 

3.  (K. 

3.78 

?>.  47 
4.  28 

3.  i3 
3.  in> 

3.01 
3.72 

2.  'Xy 
3.li5 

TESTS WEST   VIRGINIA. 
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WASHING  TEST. 
West  Virginia  No.  22  A  (nut  and  slack). 
Test  186.— Jig  used,   Stewart.     Raw  coal,   38,250  pounds.     Washed   coal,   32.250 


pounds;  84  per  cent. 


Refuse,  6,000  pounds;  10  per  cent. 
Analyses. 


Raw 
coal. 


Washed 
coal. 


Moisture I  4. 59  7.  OG 

VolatUe  matter •. 33.38  |  33.34 

Fixed  carbon ,  52. 23  ,  .".3. 84 

Ash 9. 80  1  5.  70 

Sulphur I  .    1.01  I  .97 


WEST  VIRGrN^lA  ^O.  23. 


Bituminous  coal  from  the  Cedar  Grove  bed,  one-fourth  mile 
northeast  of  Monarch,  Kanawha  County,  on  the  Kanawha  and 
Micliigan  Railroad,  was  designated  West  Virginia  No.  ?3.  The  coal, 
as  worked  from  the  outcrop  at  this  place,  averages  3  feet  H  inches 
in  thickness. 

Two  samples  were  shipped  under  the  supervision  of  John  W. 
Groves.  West  Virginia  No.  23  A  consisted  of  nm-of-mine  coal  and 
was  used  in  steaming  tests  439  and  440.  West  Virginia  No.  23  B 
consisted  of  slack  through  a  IJ-inch  screen,  and  was  used  in  steaming 
tests  444  (washed)  and  445  and  washing  test  180. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  3458 
was  taken  1,500  feet  north  of  the  opening,  where  the  coal  measured 
3  feet  IJ-inches  in  thickness.  Sample  3459  was  taken  1,500  feet 
northwest  of  the  opening,  where  the  coal  measured  3  feet  2  inches  in 
thickness. 

CHEMICAL  ANALYSES. 
West  Virginia  No.  23. 


Car  samples. 


Steaming  tests. a 


Mine  samples. 


Laboratory  No 3458 

Air-drying  loss 1.40 

Proximate:  I 

Moisture |      3. 13 

Volatile  matter '    3.').  51 

Fixed  carbon I    57.82 

Ash 3.54 

Sulphur .59 

Ultimate: 

Hydrogen. ' 

Carbon 

Nitrogen ; 

Oxygen I 

Ash 

Sulphur j 

Calorific  value  determined/calories . .     7, 757 
(as  received) IB.  t.  u...'  13,963 


3459 
2.  .50 

4.17 

35. 3() 

54. 17 

«.30 

1.24 


439. 


440. 


B. 
444.     ]     44-.. 


39<.i5  I 
.00 

2.05 

34.71 

.V).  14 

8.10 

1.3.5 

5.08 

75.56 

1.18 

8.73 


3625 
1.70 

3.25 

34.61 

54.56 

7.58 

1.22 

5.  23 

75.  27 

1.43 

9.  27 


2.a5  I 
34.71 
5.5.14  ' 

8.10  I 

i.a5  I 

4.9.5  j 
77.14 
1.21  ! 

7.a5  1 

8.27 
l..^S  I 


2.61 

M.  15 

53. 9ti 

9.2X 

1..52 


4.88 
'5. 91 
1.18 
6.94 
9.  .53 
1..56 


4.0()  I 
.3.5.70 
,5,5.44 

4.80  I 
.9.5  I 

5. 20 
80.44  • 

1..53 ; 

6.84 

5.00  ' 

.91» 


•J.  44 
HA.  :n) 

10.  .59 
1.40 

4.  86 

7.5.  Oti 

1.42 

ti.  ;is 

10.  .H.5 

i.4;< 


7,615 
13,707 


7.513 
13,  .523 


o  Proximate  analysis  of  fuel  as  fired*  ultimate  analysis  of  dry  fuel  flgun^d  (touv  car  %slw\^\.^  . 
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STEAIOKG  TESTS. 

West  Yirgiuift  Nu.  23* 


A. 


Tpit«B.    TpAt4*DJ  ^.r 


Hij^  a*  used; 

OYBt  I  iiwh ..„.,.,..- ....„..._..  .pBr  oent. 

I  inch  tal  iocli  ._^-^,.^,^.,.^.._,_,j,^,,,^^,_^„„,.cio,,*, 

I  imth  tai  iiwjli _-_,...-...,*,.... ..-.,^. ..tto,... 

Uiuler^  Ineh, -.,.,.. V-'--.- ,..,,,...,--,.-*.,, -do, .», 

Dar&tioa  of  teat , .  _ -  ^^ .  ^ . . . . .  ^. , , .  .lioiita.^ 

Heating  TaltJ(3  of  eoal . . . , _ . H,  I.  ti.  pf*r  jKivmd  drj-  ctmL . 

Fonoe  of  draft: 

Uodnr at^k  darapmr-* ^,,,.,.,,^.,, Awsh  waler. . 


Fum&ac  tempruttjft^ 

Dry  PoaS  iisc>d  per  A^uuie  foot  of  grute  flufi»Q&per  hour^  pounds 

Equiviiloni  wftU^r  (fi'ivpomtud  per  aqnare  fool  of  water-iH'st^ 
iiig  Hurfaee  par  hour. . ^ _ ^ ,  „ . „ , pounds-, 

PennyntagU'  of  ruted  tiQrseptrwer  of  Lioilef  deTtiopMl. . . . .  ^ .  ^ . . 

Water  appamnlly  cvApoiSkled  per  pmnid  of  <Hml  a*  fired, 
poQDds ..>- - .^...^.^.i... 

Water  eviiporated  from  and  At  212*  f^t 

Poj*  pound  of  co*ii  ii«i  firiod _.,,^. .,,... ^......pounds. 

iViT  pound  ol  dr>*coaJ, , , ...^,.,, ,do,  „, 

P^T  pound  of  ooEnbuHtlbk.  ..^--^..., ^■„. .do^^, 

EiBcieiivy  of  bolltr,  including  j^iite - . . ,. per  cent. 

Coidaw  Bred: 

Fpr  indtcttttMJ  horsapo wvr  hoii  f , , - „ . , ,  pound*, 

Vei  ftlwtrlcal  honifepowiiT  botir .  ^ .  ^^  ^. ..... ,i. ..  ^  .do. . . . 

Dry  HQiii: 

P^r  fndfc^ted  horaepowoir  hour.  ,..*....,,«,.*..>,.  *do, 
Per  cJeotiical  horsi^poww  hmir. .  ^^  *^  .^,„ ,  ._,^,*-.  .do, 


I 


1310 
LJl 

13,005 

an 

.12 
lfl.9ft 

9D.7 


8*73 

a.0£ 
laao 

01,  AS 


^34 


3fl.O 

aao 

15.4 
31.7 

.m 

a  75 
.12 

3,572 
3,11 
7.fi» 
0,08 

ia«> 

3.30 

ail 


12;t 

23.2 
24.6 
4ai 

10L05 
14,  «^ 

d.n 

.10 
2,536 
17.61 

3.14 

S.61 
&.0S 

405 

ais 
an 


Test  445. 


2fi,2 
Iflifi 
.70 

laotJ 

13,4»l 

0.77 
.13 

acE 

&S.0 

7.47 

a.  7* 
aw 

54.17 

a  23 
3.W 

3.U 
&ti0 


WASHING  TEST. 

West  Virginia  Xn.  23  15  (nut  and  slack). 

Test  180.~J\g  used,  Stewart.  Raw  coal,  30,000  pounds.  Washed  coal,  33,980 
pounds;  94  per  cent.  Refuse,  2,020  pounds;  6  per  cent.  Analyses:  For  analyses  of 
the  fuel  used  see  page  281  (sample  3625).  Analysis  of  the  washed  coal:  Moisture,  4.24; 
ash,  4.87;  sulphur,  0.93. 

WEST  VIRGIXIA  XO.  24. 

A  sample  of  bone  coal  from  the  Pocahontas  bed  No.  3  at  Gary, 
McDowell  County,  on  the  Norfolk  and  Western  Railway,  was  des- 
ignated West  Virignia  No.  24.  This  sample  was  shipped  under  the 
supervision  of  A.  K.  Adams  and  was  used  in  producer-gas  test  162. 


W. 


PRODUCER-GAS  TEST. 

St  Virtrinia  \(».  24  (hone  C( 


.al). 


Test  Vri. — Duration  of  test,  50  hours.     Average  electrical  liorsepower.  148.8.     Aver- 
age B.  t.  n.  per  cul)ic  foot  of  gas,  10(>.3.     Total  coal  lired,  ]1.()(M)  jxtunds. 


(\>al  as  Drv        ("omluis- 

fired.  c(.a"l.  ti1)h>. 


('(xil  consumfd  in  producer  per  horse  potter  hour  ({louud.y 

Per  ehKi'trical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commercially  availal)le 

Developed  at  engine 


1.5,5 
1.4S 

1.51 
1.44  : 

1.07 
1.0-2 

1.32 
1.2() 

1.28 
1.22 

.91 

.87 

TB8T8 — WEST  VIBGIKIA. 
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Voltttitoi 

FbBBdOftltMMi. 


S.91 
11.81 
S7.19 


.54 


OasbfTcimmte, 


OArtKmdkudde(Cat> 12.4 

OartMrn monoxide  (CO) 14.0 

Hydrogen  (H«) 13.8 

MeUune  (CH«) 1.2 

Nitrogen  (Ns) AS.  6 


WBserr  vibginia  mo.  25. 

« 

Bituminoiis  ooal  fitom  the.  Black  Band  bed,  8  miles  southeast  of 
Gharleaton,  Kaaawlia  County,  on  the  Chesapeake  and  Ohio  Railway, 
was  designated  West  Viiginia  No.  25.  The  coal,  as  worked  from  the 
outcrop  at  this  place,  ayerages  2  feet  9}  inches  in  thickness. 

One  sample,  shipped  under  the  supervision  of  John  W.  Gn>ves. 
consisted  of  lump  coal  over  a  l^-inch  screen,  and  was  used  in  producer- 
gas  test  156  and  coking  test  175. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  4290 
was  taken  1,S00  feet  south  of  the  opening,  where  the  coal  measured 
2  feet  8}  inches  in  thickness.  Sample  4291  was  taken  800  feet  west 
of  the  opening,  where  the  coal  measured  2  feet  11  inches  in  thickness. 

CWIMICAL  AVALTSS8. 
West  Virginia  No.  25. 


LftboimtoiyNo.. 
▲ta^^^if  lo«.. 


VoifttllD  matter.. 
Flind  CAibon. . . . 


MtaM  nmplee. 

Car 
Mmide. 

JM 

4»l 

4360 

L8D 

2.10 

2.30 

«.« 

S.91 

4.21 

UK 

94.81 

35.41 

A7» 

M.48 

53.16 

a» 

&78 

7.22 

.m 

.64 

.64 

Ultimate: 
Hydrogen 
Carbon... 
Nitrogen. 
Oxygen. . . 
Calorific    valuel 
determined] 
(aa  received 


I  Mine  8aniple«. 


Car 
,aamplo. 


"Jlcalories.' 


.     7,484 
.'  13,471 


5. 10 

1.40 
12.  tiO 

7.4:w 
13.:i79 


PBODUCER-GAS  TEST. 
West  ViiKiiiia  No.  25  (lump). 
Ttti  156. — ^DuEntkn  of  teit,  60  houra.   Average  electrical  horsepower,  1 1^.2.   A voni^ 


B.  t.  u.  per  cabic  foot  of  gM,  171.6.    Total  coal  fired,  13,000  pounds. 


CSoal  vtmtmmwi  in  fWiliLii'  ptr  kanepower  hour  (poundn) . 
FWileetilMll 


Coalaa 
fired. 


6f  producer  plant  (pounds) . 


1.35 
1.31 


1.15 
1.11 


1.42 
1.37 


Dry  coal 


1.30 
1.2tl 


l.ll 
1.07 


1.37 
1.32 


Coni- 
budtiblo. 


1. 01 


1.21  1.16 


1.25 
1.21 
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Atwhfsea. 


CoaU 


Mointure... - ..-, .^-   3.83 

Voifcti(B  matter ,„ ,,..  J4,3< 

Fbwd  carbon >,..„....— .*.  fifLfll 

Anh.,, ._„ .,-,..:_.    8,23 

Sulphur..  „.,..,,.-..,,. --p^. ..<..^.--..      .Gffl 


Out  ^  tfoiumr. 


Ca?bon  dioxide  <CO») -.. 7.9 

Ctirbon  monojclae  (CO). ..*,*....*,,-..  23.* 

Hjdrogen  £H|>........... .,.  17.1 

Metbntie  (CHi) ,, ,„ „ ..,.  2.1 

NUrogon  (Ni)...... ..„. 4/».} 

Kihytiine  (CtHO-- -- ---  -* 


COZHNe  TEST. 

W^t  Vij^k  No,  25  (lump). 

Ti'dt  17 fi.- — iSize  as  iieed:  TUiw,  finolj'^  crushed.  Duration  of  test^  43  houj^.  Goal 
cbargiHl  ,11,  .MO  poimda .  Coke  produced ,  fi ,  9  211  paunds ,  0 1 .0^2  per  cent .  Bree  ze  pTo- 
duce^l,  381  pmutlp,  3.36  per  cent.  Total  yieUK  64,38  per  t^ent.  Good  istTong  coke; 
gray  ct>lor  with  a  little  eilvery  <lep4Jftit  of  carbon. 


Cofti, 

OttkB. 

MdstiirB*,-^.^., ,,»..,,„.- .,..,..,,...*......,.  >...>,....^...^...,. ,.„..,. 

(1,30 

VQlnUleniftt.t*r.,.-,.^,.,.,,.,^*.,.,*,- „.«.p,.r....«.... .«*....<.. -..^.f..,..,^*.^^.. - 

.19 

PIxmI  carl}oii....ii^*i.,..., >.-..- .. ».-....,  ^,-i.. ......  .. =  z, ...w .^. . -.  j 

SB,  71 

A»h.,-. .,.,..„ „„... 

..^,.„.-„,....w.i.--.- ,.,u-, ...... „.-„.....,; 

i3.5tl 

StUptilir, ,  ^ .,,,_,.  ,.,^—^, .. . 

,47 

WYOMING. 

Bituminous  coal  from  Hanna,  Carbon  County,  on  the  Union 
Pacific  Railroad,  was  designated  Wyoming  No.  4.  The  coal,  as 
worked  at  a  depth  of  387  feet  at  this  place,  averages  35  feet  in  thick- 
ness. 

This  sample,  consisting  of  run-of-mine  coal  shipped  under  the 
supervision  of  John  W.  Groves,  was  used  in  steaming  test  399  and 
producer-gas  test  123. 

Four  mine  samples  were  taken  for  analysis.  Sample  3160  was 
taken  1,900  feet  south  of  the  slope.  Sample  3161  was  taken  2,000 
feet  south  of  the  slope.  ^  Sample  3162  was  taken  1,700  feet  south  of 
the  slope.  Sample  3163  was  taken  immediately  above  the  point 
where  sample  3162  was  taken.  The  two  benches  combined  measured 
35  feet. 

CHEMICAL  ANALYSES. 

Wyoming  No.   4. 


Laboratory  No 

Air-drying"  loss 

Proxiiiiato: 

Moisture 

Volatile  matter. 

Fixed  carbon. . . 

Ash 

Sulphur 


Mine  samples. 


;utio 

3101 

3.S0 

4.10 

12.32 

12.  0<^. 

40.. SO 

40. 30 

41.09 

43.  10 

:>.  10 

3.,S.S 

.23 

.21 

3102 
4.00 

11.49 
40.  .3S 
42.24 
5.  S9 
.44 


31(i3 
3. .-/) 

11.73 
41.30 
41.40 


Car  samples. 


ft33t'K3  i 
2.30 

11.30 
40. 32 
41.07 
7.31 

.2S 


c  331X) 
3.80 


a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  furl  figure«l  from 
b Sample  from  producer-gas  test  123  treated  as  ear  .sampU". 
c  Sample  from  steaming  test  39*J  treated  as  cat  aampVe. 


12.  40 
39.  7o 
41.08 
0.77 

12. 40 
39.  7.5 
41.08 

.20 

.  2rt 

ear  sampl 

e. 
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CHEMICAL  ANALYSES— Continued. 
Wyoming  No.  4. 


Mine  samples. 

Car  samples. 

Steam- 
ingtest 

Ultimate: 

Hydrogen 

: 

5.56 

61.24 

.88 

24.73 

6.37 

61.58 

.85 

24.17 

5.70 

Carbon 

70.30 

Nitrogen 

97 

Oxviren 

■ 

15.00 

Aahfr :.:.. 

7.73 

Sulphur 

? 

.30 

Calorific  value  (aa  received}  : 
Determined {^Tu" 

6,168 

5,975 
10,755 

5,806 
10,451 

5,948 
10,706 

6,;36 
11,045 

11,102    

Calculated  froml     ^^^es.. 

'                   1 

1 

ysis 

1 

STEAMING  TEST. 

Wyoming  No.  4  (run  of  mine). 


Size  as  used: 

Over  1  inch per  cent. . 

J  Inch  to  1  inch  do 

i  inch  to  J  inch  do 

Under  i  inch do 

Duration  of  test hours. . 

Heating  value  of  coal B.  t.  u.  per  pound  dry  coal. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temperature oF. . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour. .  .pounds. . 

I'ercentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired  poun<^s. . 

Water  evaporated  from  and  at  212*  F.: 

Per  pound  of  coal  as  fired do — 

Per  pound  of  dry  coal do — 

Per  pound  of  combustible do — 

EflBciency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do — 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do — 


Test  309. 


23.1 
18.3 
19.2 
39.4 
10.02 
12,222 

O.tJO 
.38 
26. 26 
23.97 
3.40 
95.2 
5.32 

0.22 
7.10 

S.  18 

r,6. 10 

4.5.5 
5.62 

3.98 
4.92 


PRODXJCEB-OAS  TEST. 

Wyoming  No.  4  (run  of  mine). 
Test  123. — Duration  of  test,  50  hours.     Average  electrical  horsepower,  195.5.    Aver- 
age B.  t.  u.  per  cubic  foot  of  gas,  151.6.     Total  coal  fired,  20,200  pounds. 


Coai  consumed  in  producer  per  horsepower  hour  {jyounds). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 

Equivalent  used  by  producer  plant  (pounds) . 

Per  electrical  horsepower: 

Conunerdally  available 

Developed  at  switchboard 

Per  brake  norsepower: 

Commercialfy  available 

Developed  at  engine 


Coal  as 
fired. 


2.20 
2.07 


1.87 
1.76 


2.38 
2.24 


2.02 
1.91 


Drycoal.      ^^^^j^. 


1.95 
1.83 


1.66 
1.56 


2.11 
1.99 


1.80 


1.79 
1.68 


1.52 
1.43 


1.04 
1.83 


1.65 
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HEPOBX   U.  S.  FUEJ>TESTING   PLANT,  1906-1, 


AiuitytU  of  gas  btf  volujttt.** 


Carbon  difixicUj  (COi) -,., , .--. , ,..-  12:2 

C*rtion tnonwsido  (CC),..... .*...,,.*.♦.,...*„.-.,......,......,.,-...,. ,  10^4 

HydTPgen(H,>..,...,,... *.......,....»...,,...*,>,.,-...*,.,„.. ,...,.  l&l 

MetbaiMs  (CHi) *.........-*.. »._.i.* >  = ....-^.^...-„*..-... .  2L7 

N[tTOefln<Nt) .......„,„.-i.._,,.4^*,*v^,. taa 

Ethyfeiie(Oai^) ,.,.„.„,-..-—„•„ „,  ,* 


Bitutiunoujj  coal  from  Rock  Springs,  Sweetwater  County ,  on  the 
Union  Pacific  Railroad^  was  ilesignat-ed  W^^iiniing  Ko.  5.  The  coal, 
as  worked  at  a  depth  of  493  feet  at  this  plac^j  averages  7  feet  6  inches 
in  thickness. 

The  sample,  consisting  of  nin-of-ndne  cual,  sldpped  under  the 
inapci'tion  of  John  W.  Groves^  was  xised  in  producer-gas  test  114  and 
cokhig  t^t  132, 

Two  mine  samples^  were  taken  for  chendcal  auiilyi^is.  Sample  3164 
was  taken  5^200  feet  north  of  the  slope,  where  the  coal  measured 
7  feet  6  inches  in  thickness.  Sample  3165  was  taken  7,000  feet 
north  of  the  slope,  where  the  coal  measured  7  loet  2  inches  in  thickness. 

CKSmCAL  AITALYSES* 
W"  y^juiiug  Ncf.  5. 


XjiboraloiT  Ko, ,  _ . 
Air-fiTjiiiRloss 

Vol utile  niiitU'r. 
Fixed  turtHJti-.- 

Ash .--,-.. 

Siil[aEmr.... 

UUlmflto: 

Hydrrtgt'M 


aiB4 

4.00 

4  40 

12L41 

13.10 

m57 

34.97 

4&0O 

4S.W 

ZS2 

^.M 

.w 

L04 

Ciirbon . 


Nitrogen 

Oxygen 

Calorific  value  (as  rec«'iv<Kl): 

Dotor,ui„.d {-'?™!::    n:m\ 

(calories -. .. . 


Car 


Calculated  from  ultimate  anaiy»is 


IB.  t.  u. 


3211 
6.00 

ILm 

at  37 

4B,5S 

a,  II 

tie.  OS 

1.43 
22.  .w 

(>,538 
ll,7ti8 

6.357 
11.443 


7V 


PRODUCER-GAS   TEST. 

AVyomiiig  No.  5  (run  of  mine). 
7/ ;.— Duration  of  tost,  50  hours.     Avcragi'  olectrical  horsepower.  194.5. 


age  B.  I.  u.  per  eiihie  loot  ot"  gus.  lO-S.     Total  coal  linMl,  ]5.()00  pounds. 


Aver- 


Coal  consumed  in  jtroducf  r  jxr  horse  pontr  hour  {pounds). 

Per  eloctrieal  horsepower: 

ronirni'rc'ially  available 

I)e\<'lo|X'(l  al  s\vit('hl»oar<i  

Per  l>rake  tiorsepowcr: 

Cominercially  availal>i"' , 

Developed  at  engine 


Coal  as 
fired. 


1.72 
1.60 


1.46 
1.36 


Dry  coal. 


rombiis 
tible. 


1.52 
1.42 


1.29 
1.21 


1.46 
1.3»i 


1.24 
1.16 


^  For  analysis  of  fuel  used  see  p.2S4  (sample  33()3). 
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Analyses. 


Coal. 


Moisture 1 1 .  44 

Volatile  matter 36. 37 

Fixed  carbon 48. 49 

Ash 3. 70 

Sulphur 91 


Gas  bt/  volume. 


Carbon  dioxide  (C0|) 10. 1 

Carbon  monoxide  (CO) 20. 4 

Hydrogen  (H|) 18.2 

Methane  (CII<) 2. 6 

Nitrogen  (Nj) 48. 3 

Ethylene  (CjH^) 4 


COKING  TEST. 

Wyoming  No.  5  (run  of  mine). 

Test  132. — Size  aa  used:  Raw,  finely  cnished.  Duration  of  test,  39  hours.  Coal 
charged,  8,000  pounds.  Coke  produced,  none.  Analysis  of  coal:  Moisture,  11.09; 
volatile  matter,  34.53;  fixed  carbon,  50.5;  ash,  3.88;  sulphur,  0.84. 


Subbituminous  coal  3  miles  west  of  Kemmerer,  Uinta  County,  2 
mUes  from  the  Union  Pacific  Railroad,  was  designated  Wyoming 
No.  6. 

This  sample,  consisting  of  nin-of-mine  coal,  loaded  under  the  super- 
vision of  John  W.  Groves,  was  used  in  steaming  tests  400  and  (on 
briquets)  419,  producer-gas  test  124,  and  briquetting  test  134. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  3202 
was  taken  150  feet  north  of  the  opening.  Sample  3203  was  taken 
180  feet  north  of  tke  drift  opening.  These  two  samples  combined 
represent  a  thickness  of  23  feet.  The  total  thickness  of  the  bed 
worked  in  this  mine  is  83  feet ;  consecjuently  these  two  samples  repre- 
sent only  a  part  of  the  entire  bed. 

CHEMICAL  ANALYSES. 
Wyoming  No.  (3. 




Mine  sail 

3202 
10.20  1 

20.57 

40.49  1 

2.63  ' 

.51 

iph's. 

;i2o:i 

10.60 

20.88 
35. 91 
40.65 
2.56 
.54 

Car 
sample. 

-       1 

;i390 

11. :« 

19.00 
36.64 

41.24 ; 

3.12  1 
.49 

6.41   , 

.98  1 
29.62  1 

Steaiiiins:  t 
400. 

t'St  s.  «1 

410. 

Laboratory  No 

• 

18.44  1 

:«).  35  i 

40.68  i 
4.53 

.  57  1 

5.21 
71.93 

1.19 
15.42 

5.55 
.70 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter 

15.57 
:W.  74 

Fixed  carbon 

42.  87 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

2.  82 
.59 

4.  99 

Carbon 

74.59 

Nitrogen 

1.03 

Oxvsen 

15.35 

Arif^""::::::. :::.:....: 

3.  34 

Sulphur 

.70 

Calorific  value  (as  received): 

Determined 

/calories.. 
••1b.  t.  u... 

jcalories.. 
•'iB.t.ii... 

5,fi87    .. 
10,237    .. 

5,726 
10,:»7 

5,743 
10,3:J7  I 

Calculated  from  ultimate  analysis. 

a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sainplo 
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STEAHINa  TEST8p 

Wyoming  No.  0  frvm  of  miiie.) 


Th140& 


Dtdf  1  Inch. .i...„... .^.^.„-.. ....par cent,, 

1  inch  to  1  InoU ..__..—. „,.,.,„„,..„., _,,..,_.,,„. do.... 

J  to  J  inch.....,,... ........................... .dtt 

Durutiori  of  tail ..... . .,  ^ ^*. -_- .^,  i, .  _.,*^  ...*..  ^ . .  .^  ^^ . . .  *  _. honrs. . 

JHftfttiT^ij  Tttlim  of  fiwU .  „,.,-,„ ^-, ., „ ,.,„.,. ..  -^ ...]&.  ti. ir.  Smr  poumd  drr  tueJ__ 
Fon»  ofiiraft: 

Uiidi^r  slftck  damrwef-  ,.--.,„,*,„.,-. . ,,. .„,...„., Jrwih  wta&f. . 

AhovL*  ftiw . . . ..  X  ^..  ^.. ......... .  .do. .. . 

Furrlflct*  tmjpe^rttturo ......... . . . . .  .*F. . 

Btj  tiiul  usf^a  pi-r  jMiuare  foot  of  grate  i,iirlai>@  p&r  hour. ..,,  ^ ,,  ,,^ .,,,,, , .  ^  poun^ii. . 
Eoiiivaiont   wnter  cvapnrut^  per  !ii|iiara   font  of   WAffO^-haliag  ffnmn>i  pe<r 

hour , . . . . ,„..,. - ,  X . ......_.,,,„  ^ .,  ^ ._.,. . ,  ^poimda. . ' 

Pereentftgi^  of  rated  bonwpf*wr*r of  boilflriJc'YoIo[H?d  ....*,.* ^ , .  ^ ......,! 

Wn  i*^t  ji  p  pttrc  nt  I  >"  0  V  Aporat  ed  perpoiinfl  of  fuel  na  Ared  «...i.^.«^i..^.^.r,..  pounds , 
Wiitt'revfl  para  tod  fromiin^l  £^1212^  F.: 

F(?r  pniliul  of  flli'J  ttS  flftsd  , . , .  _ . . „  _ ,  .^^-^-!^ .,;  -J*,  ^- .  .-i .do. . , 

Per  po  iind  of  dry  f  iM'L,.  *.........,,  ^..... ..,,....,.„,„.,.......-,...,,  ,H.^.. do. «. 

Per  pound  oreomhustlblf^, , ,  .,_.„.. ..,..,..  .^^.  .._..„.,.,*„.,. do. . , 

Efficu^iicv  of  l>oiler,  Includlngsratfl .  _. ..  ^.., . ,,. ^. . . .  ^^^  _  .per  nut. 

Furl  ftM  fipod: 

For  indicaletl  hor^pnwieT  hour . . . .  ^  ^ , ,  ^ ., ., . ...,,,...  ^  ----..#.»  h  *  •£M)iUtid;i4. . 

PBrelPi'trical  homepo^^rhour * , „, ,_,,,.....*.... .  .do 

Dry  futJ: 

Pr-r  Sndica  tod  ho  nippowpr  hour...., do. 

per  elect  licjil  hnrst^powrT  hour.  .,,,,*,*.,«  * »,  ^  ,,**,* » ...,*.  ^  *,,  ^ ,.  ^ ,  ^  >  „, .  ^do. 


T«fltilft 


35.  S 
lOiQ2 

aea  i 
.sa  I 

3,465  ! 
34,41 

3.32 

4-7C  . 

5.6t> 

ass 

7.B2 

ass 

4.1fi  . 


g  45 
13,  €(21 


a5li 
.24 


14.06 

1.90 
SSl7 

5.97 

7.07 

52.43 

474 
&.^ 

400 
4.04 


Remnrk9.—TQ»l  41fl  on  brirjuet*,  wbk-^b  in  bunding  §ravo  a  Bhijwertif  sparka  in£rt*»d  of  ti 
flsime.  For  the  fir&t  five  houru  tixj  tUit^k  a  lire  was  eorried.  With  n  5-jnt'li  fire  tiiinng 
tli,»  H^^<.l^^fl  fiv<*  1vMir-i  ilio  lui-fiif^i-i  hiinied  far  better-  Kn  ^m<*kf*.  Briqin?tj^  Tu^l-T  '''- 
gether  fr)r  about  seven  minutes,  burning  very  slowly,  and  then  cnunbled.  No  clinker; 
a«h  fell  through  grate  freely. 

PEODUCEE-GAS  TEST. 

Wyoming  No.  6  (run  of  mine), 
f  test,  50  hours.     Average  electrical  horsepower,  200.     Av<'r- 


Test  IJU     Dunition 
age  B.  t.  u.  ])er  cuVhc  foot  of  gas,  171.8 


Total  coal  fired,  21,900  pounds. 


Coal  ronsumrd  in  producrr  per  horsepower  hour  (pounds) 

For  elect rical  horsopowc^r: 

rornmorcialiy  available 

Developedfat  s\vitchl)oar(I 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 

Equivalent  used  hi/  producrr  plant  {pounds^. 

Per  electrical  horsepower: 

Conunercially  available 

I)evel()|X'(l  at  switchboanl 

Per  brake  horsepower: 

Coniniereially  available 

I)evolo|:Kxl  ai  rngirie 


Coal  as 
fired. 

Dry 
coal. 

Com])tis- 
tible. 

2. 32 
2.19 

1.90 
1.79 

1.K3 
1.73 

1.97 
1.86 

l.Hl 
1.52 

1.56 
1.47 

2.  .52 
2.38 

2.()6 
1.94 

1.99 
l.'vS 

2. 14 
2. 02 

1.75 

I.rv5 

l.t^9 
1.59 

Auah/.scs. 


Moisture 

Volatile  matter 

Fixed  carixm 

Ash - 

is.2r. 

:r.  IS 

41.82 

2. 74 

Sulphur 

47 

Gns  bj/  volume. 


Carbon  dioxide  (COa^ 12. 1 

Carbon  monoxide  (CO) 18.  7 

llvdrogen  (Us) 19. :< 

Methane  (CII 4,) :\.0 

Nit n^gen  (N 2) 4(i.  5 

Ethylene  (C»H«) 4 


TESTS MISCELLANEOUS. 
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BSIQUETTINQ  TEST. 

Wyoming  No.  6  (run  of  mine). 

Test  1S4' — Size  as  used:  Over  J  inch,  2.4  per  cent;  ^  inch  to  i  inch,  9.2  per  cent; 
^  inch  to  tV  ^ch,  22.2  per  cent;  ^  inch  to  ^  inch,  26  per  cent;  through  :j'^  inch,  40.2 
percent.  Kindof  binder,  water-gas  pitch;  laboratory  No.  3486  (see p.  40).  Weight 
of  fuel  briquetted,  24,000  pounds.  B.  t.  u.  per  pound  of  fuel  as  received,  10,106;  per 
pound  of  briquets  as  fired,  10,994;  per  pound  of  binder,  16,407. 

English  briquets  made  at  179**  F.,  average  weight  3.18  poimds,  with  5,  6,  7,  8,  and  10 
per  cent  of  binder,  would  not- cohere;  all  the  briquets  could  be  crushed  in  the  hand. 
In  the  weathering  test  they  were  exposed  180  days;  condition  of  those  with  5  and  6 
per  cent  binder,  D;  of  those  with  7  and  8  per  cent  binder,  E. 

Drop  test. 


V^Tfmntagtt  of  binder 

5 
35.4 
64.6 

6 
61.3 
38.7 

7 
74 
26 

8 

Held  by  l^nch  ffcreen 

79 

Pwwed'l-lTiph  ttcnmi 

21 

Renfrow  briquets  made  at  149**  F.,  average  weight  0.42  poimd,  with  7,  8,  and  10  per 
cent  binder,  were  not  improved  by  increase  in  percentage  of  pitch;  all  briquets  were 
bad  and  could  be  crushed  in  the  hand.  Weathering  test,  exposed  180  days,  condi- 
tion E.^   For  analyses  of  briquets  see  page  287  (steaming  test  419). 

Extraction  analyses. 


Pitch. 


Fuel        Briquets, 
*  ^^'       test  134. 


Laboratory  No 

Air-dryinff  loss 

Extracted  by  CSs: 

Air-driod 

As  received 

Pitdi  in  briquets,  as  received . 


.percent. 


.do.... 
.do.... 
.do.... 


3486 


85.57 


3390 
11.30 


4.90 

6.12 
5.82 
6.13 


MISCELLANEOUS  TESTS. 

MISCEIiliANBOUS  COKE. 

Fuel   designated   miscellaneous   coke  was  used   in   producer-gas 
test  151.    . 

PBODUCEB-GAS  TEST. 

^  Miscellaneous  coke. 

Test  151. — Duration  of  test,  41  hours.     Average  electrical  horsepower,  199.5.     Aver- 
age B.  t.  u.  per  cubic  foot  of  gps,  120*6.    Total  coal  fired,  8,400  pounds. 


Coal  as 

coal. 

Coml)Us- 

fired.  • 

tible. 

1.03 

0.95 

0.83 

1.03 

.95 

.83 

.87 

.80 

.70 

.87 

.80 

.70 

Coal  contumed  in  producer  per  horsepower  hour  {pounds) . 

Per  electrical  bompower: 

CommeiQiftllT  aTSilable 

Developed  af  iwitohboard 

Vet  brake  noraepower: 

Camnieidalfy  available 

Developed  at  engiiie 


19e»fr-Bii2;.  No.  332— OS- 


-19 
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Analyses. 


OmL 


MolatUTB .,.,...,,/. 7.8fl 

Volatile  matter. ,. ,.  * 69 

Fi3l«ioirboil,,. .»-... mB4 

Ash ,,. .„. 11.51 

Sulphur........ 1.J4 


Qiti  bff  tiolufn^. 


Ofirbon  dloilde  (COt) „.. 9.  j 

C&rboo  manttxiae  (CO), „„„„,„,. 21.9 

HydrogBa  (Hi)... .....................  11.1 

Mytlmne(CHO^*. ..*...,,  0.2 

Nitrogen  (Ni>._. .-.., ......  5l.fi 

Ethyimtf  (C,H|J,...,.,. .......„..„,  .1 


MIXED  COKE. 


Fuel  taken  from  a  pile  containing  a  mixtura  of  the  products  of  the 
coking  tests  was  designated  mixed  coke.  This  sample  was  used  in 
steaming  t^st  519,  to  determine  the  effect  of  the  absence  of  volatile 
matter  in  fuel  on  the  completeness  of  combustion. 

CHEMICAL  AKALY&ES.U 
Hixed  coke. 


Fvoxliiute; 

Holstnfe  ,.., ,,.... a.5S 

VoltttUe  matter. ,„.      ,  Bl 

FLited  carbon , m78 

Aah........... 12LS8 

iuipbur.  ..*»,......... , .  &7 


Ulttoale: 

Hydmgien.... ....,.._. .,..,.    0,57 

Carbon..-,,.-..,-.-.. SL^ 

Nitrogen., ,. ,,. .89 

O jtygen. . ...*.. X40 

Ash. ..,..„.... 13,76 

Bvaphur-.-.- ., 1*04 


STEAMING  TEST. 
Mixed  coke. 


Duration  of  test. ..... . ...-....--.--.. , - , . , ^ _„_,.,,, , ,Iioure. 

Heating  value  of  lutil. .........,,_,,-„_-.,,,,,„....,  .B.  t.  u.  pof  pound  dry  fuel, 

V* nder  stack  dampei'. » hi  ^ , , .toich  water. 

Abovffflro .............-...-...--_.-,,,,,.„ ,do.., 

Ina:3h  pit .--.,.. ..*........,.,..._,,,.,..,, .._ „.,,... ...do... 

FaniiiCR  tc'mpemturp .*....,...,. .«.„.,,,,.-*?, 

Dry  inv-lusaa  per  Aqujnm  foot  of  grate  aurface  perl)0»ir,„, .,„ ....poundH. 

Equiviilrnt  water  evapomtcd  per  flqimint^  fool  of  water  heating  surfaoe  per  hour do... 

PerDontage  of  rated  horaepo wi'r  of  boiler  di'i-rlcT^Ml ....,,.,, ..-.-.-*.. 

Water  ttppaitrntly  evaporated  per  pound  of  fuel  a»  fired .........,..,..-..,,. , ,  .pounda. 

Water  evnporattsd  from  anci  at  212*  F.r 

Per  pound  of  f  ui^l  as  fired . , , , .d0. . . 

Per  pound  of  dry  fuel ,.,,,...,.  .^ ,. - , ......,-..  ^ ,. .  .do. . . 

Pnf  potmd  of  comljuntilile. ,-.........,, *,... .do. . . 

Emcli^ncv  of  boiler,  including  gntt« * ,...,,...,...... . ....... .p«r oi*nt. 

Fik>l  fts  flppd; 

IVt  imllHiu^d  horai'powfjr  bonr, . , . . ...,,.,,.,..  .pounds. 

Per olwtrical horBepower  tiour ......,......._.., .-, ,,,,.,..,.., do. 

Dry  Inel: 

Per  indicated  horsepower  hour........ _x.,... _-,.,,.. ,,., do... 

Per  uli^tricaj  horawpowtif  hrmr ...... . . . . . . ^ . . . , , , do. .. 


T^ftt  510. 


g.ea 


12,; 


T.«0 

laoo 

65^21 


IXiTjIKOIS,  COI.IiOf8\T[LI^E. 

Nut  coal  from  CoUinasvillej  IlL,  was  purch&sed,  uninspected,  by  the 
GoTemment  for  special  steaming  tests  to  determine  the  best  method 
of  firing  Illinois  coal,  as  follo%vs:  Test  500,  alternate  niethnd  of  firing; 
test  501,  spreading  method;  test  502,  coking  method;  te^t  503,  rib- 
bon method  (fixing  alternately  in  narrow^  strips  across  the  ftdl  length 
of  the  grate);  test  504,  aitemate  method;  and  teat  505^  alternate 


»  Steumfng  t«it  510. 


Proximate  analy!(]!j  of  fiwl  as  fired;  ultimate  analjrali  of  dry  fual  figured  from 
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method  with  forced  draft.     This  fuel  was  also  used  in  test  517  to 
determine  the  effect  of  reduced  grate  area  on  efficiency. 

CHEMICAL  ANALYSES. 
Illinois,  Coll  ins  ville. 


Proximate: 

Moisture 

Volatile  matter 

Fixed  carbon.. 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Ash 

Sulphur 


Steaming  tests,  a 


500. 


12.59 
35.94 
42.34 
9.13 
a24 

4.95 
70.33 

1.11 

9.46 
10.44 

3.71 


501. 


13.08 

35.34 

42.62 

8.94 

a  16 

4.97 
70.51 

1.12 

9.47 
10.29 

a64 


502. 


14.00 
33.85 
42.43 
9.70 
a  36 

4.90 
69.48 

1.09 

9.34 
11.28 

a  91 


I 


503. 


504. 


I 


14.05 
33.64 
41.37 
10.94 
a35 

4.81 
68.30 

1.08 

9.18 
12.73 

a90 


10.80 
36.76 
42.81 
9.63 
a  31 

4.93 
70.03 

1.11 

9.42 
10.80 

a  71 


laeo 

35.17 

41.51 

9.72 

a22 

4.91 
69.65 

1.10 

9.36 
11.25 

a  73 


11.98 

35.11 

43.83 

9.08 

2.85 

4.99 
70.81 

1.11 

9.53 
10.32 

3.24 


a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 

STEAMING  TESTS. 

Illinois,  CoUinsville  (nut). 


Test 
500. 


Duration  of  test hours, . 

Method  of  firing 


Heating  value  of  coal,  B.  t.  u.  per  pound  dry 

coal 

Force  of  draft: 

Under  stack  damper inch  wat^r. . 

Above  fire do 

In  ash  pit  (forced  draft) do 

Furnace  temperature "F.. 

Dry  coal  useaper  square  foot  of  grate  surface 

per  hour pounds . . 

Equivalent  water  evaporated  per  square 
foot  of  water-heating  surface  per  hour, 

I>ounds ; 

Percentage  of  rated  horsepower  of  boiler  de- 
veloped.  

Water  apparently  evaporated  per  pound  of 

coal  as  nred pounds. . 

Water  evaporated  from  and  at  212**  F.: 

Per  pound  of  coal  as  fired pounds. . 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate.per  cent . . 
Coal  as  fired: 

Per  indicated  horsepower  hour. pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


9.02 
Alter- 
nate. 


0.93 
.22 


6.42 
Spread- 
ing. 

12,823 

0.64 
.16 


2,555 
25.10 

4.00 

112.1 

5.75 

6.98 
7.99 
9.10 
61.31 

4.  as 

5.00 

a  54 
4.37 


Test 
501. 


Test 
502. 


8.82 
Cok- 
ing. 

12,649 

0.85 
.12 


2,531  2,158 

22.17  21.87 

a31  a39 

92.7  95.0 


Test 
503. 


7.27 
Rib- 
bon. 

12,434 

0.91 
.14 


5.34 

6.49 

7.47 

8.52 

56.26 

I 
4.36 
5.38  ! 

a  79 
4.67 


5.50 

6.67  I 
7.76 
8.93 
59.24 

4.24 
5.23 

a(>4 
4.50 


2,552 
24.49 

a  81 

ioa7 

5.51 

6.69 

7.78 

9.18 

60.42 

4.23 
5.22 

a  03 
4.49 


Test 
504. 


6.37 
Alter- 
nate. 

12,739 

0.91 
.19 


2,484 
24.17 

a  59 

100.8 

5.49 

6.64 

7.45 

8.46 

56.48 

4.20 
5.26 

a  80 
4.69 


Test 
505. 


7.37 
Alter- 
nate. 

12,670 

0.99 

.13 

.25 

2,755 

3a  36 


4.69 

131.6 

5.52 

6.69 

7.74 

8.90 

58.99 

4.23 
5.22 

aos 

4.  r)l 


Test 
517.  a 


6.33 


12,801 


a  50 
.27 


28.77 

2.31 

04.6 

5.82 

7.06 
8.02 
9.41 
00.22 

4.01 
4.94 

3.  r)3 
4. :« 


«  Grate  an'a  reduced  to  20.3  square  feet. 

AV^ASIIKRY  REFUSE. 

Fuel  taken  from  the  dumping  pile  of  the  coal  washery  of  the  fuel- 
testing  plant  was  designated  washery  refuse.  This  sample  was  com- 
posed of  the  dumpings  of  many  bituminous  coals  and  had  been 
exposed  several  months  before  it  was  taken  up  for  test.  Steaming 
test  479  was  made  on  it  to  determine  whether  such  refuse  can  be  used 
for  steaming  purp6ses. 


r 
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REPOKT   U.  S.  FUE]>TESTIKG   PLANT,  1906-7- 


CHEmCAL  ANALYSES.^ 
Washer y  refuse. 


Proxlmflte: 

Motstuni  ,., 

Votutile  m^ittar*- 
Flxt'd  cttrtaoii-,,. 

As^ 

SalphuT 


17,31 
30,  H 

3.40 


nydrogijn. . 
Sulphur^ . . . 


3.S3 

.66 

7.09 

2.69 


STEAMING  TEST. 


Washtiry  refuso* 


I 


OvtT  1  inch _  -^^ . .  .^^ . ^ per  cent-  -  S-  A 

imch  to  t  inch, ..„„.,,,.„-,,. ,,„.,.,, „„., ..,.-,- „..,„. .do*...  ia.8 

I  inch  to  i  [nob.... ^.... - 4o-—  16.6 

Under  ilncdj .„* „.», - ,.,,... ,..„.....,„. do 640 

Av^Tiigt!  dmmetcr , — .....,,, ,._., .....iiudi...  .38 

Buratiou  of  ti'flt.-* -- ... ...... __._..*..>.>.>..-,_^, _,._._.. ......  JiouTB.,  7. IS 

Ht'ttUtig  vttlue  of  ftjaL ,„ . „-,B*  U  u,  perpotmd  of  dfroo&l..  7|241 

^orac  of  draft;  ' 

Under  BUck  diunper -,.,.,,.  *.,,,„, ,,„,., . . lucb  w*ter. .  .fis 

Above  flrfl... ....,._.. do .0(5 

Inoab  pit  tforcrd  draft). .. .. „,_.,,, do.,..  .7i 

Dry  cofll  used  per  square  foot  of  grat«  aarface  pw  hoar ........................ ..., pounds. .  3,  &45 

Equivalent  wntfiir  pvapomtwl  pt'r  squai^  f cjot  <tt  water-beatinff  aurfaee  per  bour. .  - .  >do*  „  *  3. 59 

FflTDBntage  of  r*ted  tiorsirpo wer  of  boikr  devptop«d .,-_..,_. ._-__. 72^ 6 

W«t«r  appflrently  pvaporate^J  pc^r  oonnd  of  coal  as  fired. .  _...,,,.. ,,.,.,,,,...., .  .^poonda, ,  2. 63 
Water  flvaporat^^d  from  and  at  212*  F.: 

PcrpcHtnd  flf  ooiil  uj  (in^. *..,..,.. ..,.,..,„..„.. .„...,,_*.....*.^..._,ao-,...  3.17 

Per  pound  of  dQ' coal ., ...,.....^ ,-do..-.,pi  3,  JB 

Per  pound  of  conibiifttibJo.„„,,,,„.,._.,....-_.....,-.__......-....,...._,,,.....do--..  fi-CB 

Effldoncv  of  boilpr.  Including  grate. ... . , . . , pw  cent. .  i7. 43 

.Coal  as  &Tvi\: 

I'cr  Jnditmti'd  horiiepowiT  hcujr ,...,.. ....„..,...,,,..,.... ......pounds,..  f^.W^ 

Per  eJfX^trfcul  liursiiepowur  linur , ^ .do*.^ .  1 1 .  01 

Drymal:  | 

Per  indicated  horaepfjwtT  lioiir ...                                                 ....  do  = ...  7.  ^ 

Per  elcclricaJ  horsepower  hour Jo 9. 81 


Twt  *7B. 


MISCET^LiAXEOUS  NO.  5. 

A  sample  of  coke  breeze  was  furnished  by  a  gas  compan}"  for  use 
in  briquetting  tests  152  and  (mixed  with  Tennessee  No.  4,  p.  234)  150 
and  151.     One  sample  (No.  3386)  was  taken  for  chemical  analysis. 


CHEMICAL  ANALYSES. 

Miscellaneous  No.  5  (coke  Ijieeze). 

Laboratory  No. 

Air-drjing  loss 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 

Calorific  value  detennined  (as  received) |  p^  '^'"'j'*^ 


Briquet- 

imple. 

ting 

test 

15'. 

I.  b 

.S38«i 

xm 

8.  .H() 

10.  72 

5.01 

4.  OS 

10. 70 

7;<.25 

72. 05 

11.95 

12.  24 

1.02 

1. 05 

r.,  131 

11.03«i 

a  Steaming  test  479.     Proximate  analysi.s  <>f  fuel  as  fired:   ultimate  analysis  itf  dry  fuel  figured  from 
car  sample. 
b  Troximato  analysis  of  fuel  as  received;  tut  ultmuite  aiuilysis  of  briquets  was  mad*'. 
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BSIQUETTING  TEST. 

Miscellaneous  No.  5  (coke  breeze). 

Test  152, — Size  as  used:  Over  J  inch,  2.8  per  cent;  ^  inch  to  J  inch,  11  per  cent;  ^ 
inch  to  ^  inch,  21.2  per  cent;  ^^  inch  to  2V  i^^ch,  30.4  per  cent;  through  ^  inch, 
34.6  per  cent.  These  briquets  were  very  soft  when  warm,  giving  nearly  25  per  cent 
breakage  in  falling  from  delivery  belt  of  machine  and  in  handling  with  coke  forks. 
They  could  not  be  piled  satisfactorily  while  warm.  When  cold,  they  had  a  rough, 
hard  surface,  with  coating  of  brown  from  the  dies,  and  broke  without  crumbling, 
giving  a  rough  fracture  surface. 


Details  of  manufacture: 

Machine  used 

Temperature  of  briquets °  F. . 

Binder- 
Kind 

Laboratory  No.  (see  p.  40) 

Amount percent.. 

Weight  of— 

Fuel  briquetted pounds. . 

Briquets,  average .do 

Heat  value  per  pound- 
Fuel  as  received B.t.u.. 

Fuel  as  fired do 

Binder do 


Drop  test  (1-inch  screen) : 

Held per  cent. . 

Passed do 

Tumbler  test  (1-inch  screen) : 

Held do.... 

Passed  (fines) do 

Fines  through  10-mesh  sieve. . .do 

Weathering  test: 

Time  exposed : days. . 

Condition 

Water  absorption: 

In  15  days per  cent. . 

Average  for  first  5  days do 

Specific  gravity  (apparent) 


60.5 
39.5 

72.5 
27.5 
90.0 

198 
A. 

20.6 
2.64 
1.030 


Extraction  analyses. 


Laboratory  No ,.. 

Air-drying  loss per  cent. 

Extracted  by  CSj: 

Air  dried do. . . 

As  received do . . . 

Pitch  in  briquets  as  received do. . . 


Pitch. 


79.98 


Fuel. 


8.70 
.65 


Briquets, 
test  152. 


3385 
3.10 

6.96 
6.74 
7.75 


MlSCEIiliAXEOUS  NO.  9. 

The  sample  designated  Miscellaneous  No.  9  consisted  of  coke 
breeze  which  was  shipped  from  a  plant  in  Madison,  111. 

This  sample  was  used  in  briquetting  tests  247^  and  249;  also 
mixed  with  Pennsylvania  No.  18  in  briquetting  tests  238f,  239f,  240f, 
and  248.     (See  pp.  211-213.) 

One  car  sample  (No.  4763)  was  taken  for  chemical  analysis. 

CHEMICAL  ANALYSES. 

Miscellaneous  No.  9  (coke  breeze). 


Briquet- 
ting tests 
247,  249.  b 


Laboratory  No 

Air-drying  loss 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 

Calorific  value  determined  (as  received) {b*/7!*^u" 


oThe  briquets  made  in  this  test  were  used  in  a  special  cupola  test;  see  p.  45. 
6  Proximate  analysis  ol  fuel  as  received;  no  ultimate  aoaly sis olbrvquelaxsveL^V^. 


4827 
1.30 
2.61 
10.71 
58.  55 
28.13 
.98 
5,514 
9,925 
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EEPQET  V.  S.  PUEL-TESTING   PLANT,  1&IX5-7* 


BEIQUETTIKQ  TESTS. 
MiecellaDetju©  No,  9  (coke  l^reeze). 

Tat  247. — >Size  as  ueed:  Over  \  IdcIi,  2*2  per  cent;  ^f^  Lnch  to  J  inclij  8  per  c^nt; 
^  inch  to  tV  inch^  15  per  cent;  ^^^  inch  to  ^i^  inehj  25.0  per  eetit;  thiXJUgh  ^^  inch, 
49,2  per  cent.  Att^nipta  ti>  briquet  coke  breeze  with  unslacked  lime  as  a  binder 
were  uneatiafat^tory.  Briqa<jta  were  made  by  the  addition  of  pitch  to  the  luae,  and 
showed  when  warm  chaiHctcrititica  similar  to  those  of  the  hriqueta  made  in  te^t  249, 
The  cold  briquets,  however,  were  much  harder  and  continued  to  increase  in  hard- 
ness for  Heveral  weeks^  The  hardened  briquets  had  a  smooth  outer  surface  and  a 
rough,  hard  fracture  surface,  with  ftnu  edges. 

Te^t  ^4^.^Bitje  as  used:  Over  \  inch,  I.Ij  per  cent;  ^^  inch  to  i  indi,  7.6  per  cent; 
^  inch  to  Y^jf  inch,  15.8  per  cent;  ^  inch  to  ^^j  inch,  25^8  per  cent;  through  ^  incfaj 
49.2  per  cent.  The  characteristics  of  these  briquets  are  similar  to  those  noted  in 
the  report  of  test  248  (p.  212).  These  briquets  had  a  coating  of  bronsse  from  the  dies, 
whi^:li  showed  perceptibly  the  erosive  effect  of  the  coke.  Satisfactory  briquets  were 
made  with  8  per  cent  binder^  and  no  increase  in  cohesion  was  observed  by  incTeaa^ 
ing  this  penrentage. 


T««t»47.< 

Test  3«. 

Tent  217,* 

Tf'st  2«, 

Detain  of  manufBctiiia: 

Heal 

17* 

Souch. 
fl,000 

».ff2fi 
16,805 

RenT. 
1£« 

4879 

2,00CI 

10, €70 
'   ■i6,"§65  ' 

Drop  toflt  <  1-Inch  ssmsm) : 
lleld ...,.,...,  .per  cent, , 
FtiMiwd do. 

Tumbler  teal  (l^Dbh  ticrecn) : 

Held.... percent.. 

Paaeed  (flikjfl) dq.._ 

¥\npa   tbmiigb    lO-nloh 
sieve. percent.. 

vr&u-r  ttijsprpiion: 

Tn23  days perct^nt.. 

in  10  days ..do.... 

Averaife  lor  flrst— 

(Idftys.    ..,..., do.... 
5  days ....do... 

Specific  gruvlty  {upparent) , , 

6«.0 
31.0 

SCLS 
fiS.0 

io'o" 

'i^m 

fi7  0 

Ttimpemturtt  oJ  briquet*,. 
Binder— 

Kind , .,.*, 

33.0 
Til.  S 

Lalioratory  No.  (see 
p.«L--' 

att.fi 

Amount percent.. 

Wrfflit  of- 

Fud   briquet  ted, 

pounds..... ........ 

Britiiipts.  avcriirgu, 

pound. . . ....... 

81. 0 

Heat  VHliit'  per  poiiml— 
Fuel   as    received, 

B.t,u... , 

FuPlas  flred.B.  I.  u.. 
Biiid'^r do 

1.17« 

a  The  briquets  made  in  this  teat  were  used  in  a  special  cupola  test;  see  p.  45. 
b  Water-gas  pitch  and  unsiacked  lime,  8  percent  each. 

Extraction  avfiilyses. 


Laboratory  No 

Air-drying  loss per  cent. 

Extracted  bv  CSj: 

Air  driea do.. . 

As  received do. . . 

Pitch  in  briquets  as  received do... 


Pitch. 


4879 


Fuel. 


Briquets, 
test  247. 


4763 
1.30 


.  15 
.15 


4827 
1.30 

7.32 
7.22 
7.50 
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MISCEIiliAI^^EOUS  NO.  10. 

Coal  designated  Miscellaneous  No.  10  was  used  in  washing  test  177. 

WASHING  TEST. 

Miscellaneous  No.  10  (slack). 

Test  177, —Jig  used,   Stewart.     Raw  coal,   56,560  pounds.    Washed  coal,  40,160 
pounds;  71  per  cent.    Refuse,  16,400  pounds;  29  per  cent. 

Analyses. 


Raw 
coaL 

Washed 
coal. 

Moisture 

6.67 
31.61- 
51.19 
10.53 

1.55 

11  06 

VnlAtilAin|Lt.tAr.   . 

Fixed  carbon 

Ash 

6.38 

Sulphur 

1.30 

index: 
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results  of,  index  to 14-19 
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tests  of 63-76 
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See  also  Steaming  tests. 

Boilers  used,  proportions  of 22 

Borrles,  W.  J.  von,  work  of 12 

Breckenridge,  L.  P.,  on  steaming  tests 22-24 

Bridgeman,  A.  B.,  work  of 26 

Briquets,  binders  used  in 39-41 

description 38-39 

tests  of 41-45 

Briquetting  tests,  account  of 36-46 

coals  for,  sampling  and  drying  of 41 
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objects  of 8,9 
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waste  of,  in  mining 9, 10-11 

Coke,  cupola  tests  of 34-35 

tests  of 289-290 

Coking  tests,  account  of 32-33 

coals  tested  by 32-33 

future  work  in 33 

objects  of 8, 9, 10 

results  of,  index  to 14-19 

Cooper,  H.  M.,  work  of 26 

Cupola  tests  of  coke,  account  of 34-35 

cokes  tested  by 35 

equipment  for 35 

methods  of 34-35 

results  of,  index  to 14-19 

Cupola  tests  of  briquets 45 

D. 

Darton,  N.  H.,  cooperation  of 12 

Delamater,  G.  R.,  on  washing  tests 29-31 

work  of 7,29 

Delano,  L.  A.,  work  of 20 

Denver,  Colo.,  fuel-testing  plant  at 6, 33 

E. 

English  briquetting  machine,  use  of 30-39 

Explosives,  investigation  of 11 

F. 

Femald,  R.  H.,  on  producer-gas  tests 25-28 

Field  work,  description  of 12-19 

Fletcher,  C.  J.,  work  of 22 

Florida  peat,  data  on 14 

tests  of 27, 7(V-78 

Fuels,  tests  of,  by  States 7 

character  of 7-9 

Fuel-testing  plant,  authorization  of  work  of     5-9 

future  work  of 9 

removals  of 0 

personnel  of 7 

G. 

Gait,  Ralph,  work  of 22. 36 

Gases,  analysis  of 10 

Gas-producer.    See  Producer  gas. 

Georgia  coal,  data  on 14 

tests  of 78-79 

Gilmore,  C.  A.,  work  of 25 

Goodwin,  J.  G.,  work  of 20 

Gould,  J.  n.,  work  of 29 

Green,  C.  H.,  work  of '22 

Grine,  H.  A.,  work  of 26 

Groves,  J.  W.,  work  of 12 

297 


298 


INDEX. 


r 


B»iri»,  W*  J.,  jr.,  wort  c^.  ,„,..„....„,. .  3ft 

Itempclniiiiuit  W.  L,^  work  of % 

neirltng,  G.  C.  work  of..., »> 

Uoiiiieitt  J- A,K  Introduction  liy ..,^.....  5-11 

Hopklntp  L,  C,  work  of.............. _  26 

Howi?it,  SjJCDCTr,  worko! ...,,,.,, 3*1 

How  ell,  S,  P.,workoJ ..„._,..._  26 

UtinoiB  coaLf).  data  on « * . ^  *  ^  li-lS 

teirtBOf. „„,...._ lft-l24,3!»'2fll 

IndlAna cohJa,  dAta  on^,.«.^.... 15-lft 

tests  of.,.. 125^140 

Indian  Territory coaIji,  datAoo... *>..-....  16 
tafltaol - I4fi-152 

Ijt»land.  N\  G..  workol , -       M 

KaM6&B  idoai^^  daimiin ,,^ .,^,,..,        Id 

tertBoJ.-... ,._-... les-ise 

KiEOttuck^  coalsn  data  on. ..,,...  10-17 

t«Btjtof,...„. .......  IStkiM 

ICrelaLi>gi?r,  ll^miy,  workof......... 22 

KosB,  R.  H.*  workof ,,,..,.       22 

LaJtihlngert  Jotan^  work  ol ..,.,.. 25 

Laird,  J.  A.,  work  of....... -.-........-..-    7,25 

licmmon,  W.  B..  work  of ,.....-- 3fi,25 

L%nlte,  prod uoer-^as  teat«  qU  nmsmiMrT  of.  2i 
I^Tdn  N,  ^rt^,  on  work  of  chemical  labom^ 

ton' ' 30-21 

Loj-i?.  B.  \\\,  workoJ..., ,.,..,....       26 

M. 

llcCalip,  J.  A.,  work  of 21 

If &]colni.Hon,  C.  T.,  on  brlquuttlng  teata. . . . .  3t»-46 
HjiOl'^nd{?onls.  diita  on.... .. . .        17 

tiPBtSOf. ..„..,. Hi^ltW 

lIftS»ibChii!ietta  pL'At,  tt^at  of..-.._. ....        2Q 

Hint- iii^poetlon.  work  of.. 11 

Mining,  wiuhUi  of  eo^J  in*. ,.,,,,„.    0,10 

MlAflouii  L'oolttp  duta  on....^....... ...        17 

tests  of 1^7^171 

Moldnnlce,  RiclmTd*  nn  cupoU  tasta  ot  coke. .  34-35 

work  of.., . 'Si. 

Uontan£  <!'oal{ir  data  on, . ..................       17 

testHOf 174-177 

Moore,  Edward,  work  of ._.. 29 

N. 

Nov?  MexJeti  ciiiila,  dftta  on. _-..._.. .^.1.1.,        17 

tftstsol. 177-1S7 

Kordimsfln,  V.  O.,  workol,.,,.,.. 25 

Nftrf*ilk,  Vii.f  ftii^Uteatli^F  plunt  ut  _ , .    6, 10 

u. 

Ohio  coals,  data  on 17 

*     tests  of l-s7-H*3 

Pahmeyer,  Fred,  work  of 22 

Park,  W.  M.,  work  of 22 

Parker,  E.  W.,  work  of 12 


Parkftr,  E.  W.,  und  Bnrrowa,  J,  8,,  on  Add 

work. ,_....._  ,^ .. .  Ht-IO 

Peat,  tsBtlof afi-a? 

I^nnay J vank  coaU ,  datA  on ..,.,. , , . .  lT-1* 

leets  oI.  ..-,......_..,.,_,.,..,„,., .  11*3-224 

Pflflhflk,  n.  E,,  work  of.... 25 

Potera,  .T.  W..  work  of 21 

Pitch  for  binderft.  qtjiklUy  of. „,..,„,,,.._  3B-^ 
Pitt  abu  i^,  chemicaJ  work  at.  ^,.... .............        )0 

Pope.  G.  S.  workof..,, ., 2a 

Post,  R.  11.,  work  of... , . ,.,        22 

Private  tiartles.  men  ti  on  of,  prohlbl  tion  of .         5 

Prodtieei>eaa  teats,  a<?oonni  o(. 25-aS 

coata  teated  bj... ..__*  ^.. ,.,,,_...       37 

condflionft of .,,..,,  aft-ST 

equipment  for,...,.....,..,, 25 

objects  of.. . .................... 8^10 

fter»onn*l  of 25-2e 

msnlta of. _...,. , 27-3^ 

Index  to...... _...„,„..,  lt-1* 

mnnjiEmry  of, 1.. ..,,..       28 


Quiun,  J.  P.r  workof 7,25 

R. 

liftJlPOttdfl,  umot  briquets  br-.-.^.-^. ......        t 

Ray.  W.  T,,  work  of.,.. 22 

R'Cnfrow  briqueting  moctaina,  ute  of. . .. 36^30 

Roy.  F,  v.,  work  of _       25 

Ryderi  G.  E.*  work  of. ......... .,„.^ ^  U3,3a 

S. 

St.  Loufn,  luel-tEitatlitg  plant  at , .  H 

Samples,  de'^i^rnatloii  of ..,....,.,, 12 

liat  of , 13-10 

Smith, C.  P.,  work  of...... 25 

Smith,  D.  F..  work  of , 2fl 

Smoke*  prevention  nj..,. .........,.,,.  lO 

Somermelorf  E.  E.,  wark  of ,  „ .  21 

SpJtler,  O.  O.,  work  of, 21 

Slanton<  F.  M.j  work  of 21 

Steaming  tuata.  nccount  of 2^-24 

cotila  tested  V«jf ........................ .  ^ 

equipment  for ..........._..„,^,,  22 

obj^ta  oj, ,  „  . . , , . , ,  8 

perAonnet  of  ,...,..„.,.._,. 22 

ntaults  of ...__._.... .,,,..  2i 

Index  to _.  >4-19 

Stemniahlps,  uae  of  liHqneta  b j. ,.,,,, 0 

Stone,  Laiiaon^  work  of. . . ._ _.,,,,,  2& 

Stowe,  L.  R.»  wnrk  of...,.,. .....  S 

gtrims^r,  llotiert.  work  Mf _,..,,, ,....  S5 

Strong,  R.  M,,  work  of....  _....__ _.,,.  26 

Suter*  John,  wnrk  nf.,..,. _...... _.  25 


Tprbrinbigin  hruni'h,  orgrtnizjif  [uti  and  wf«rk 

».f 7 

Tennessee  coals,  data  on is 

tests  of 224-258 

Texas  coals,  data  on 18-19 

tests  of 2."»S-201 

Teza,  Julian,  work  of 2«» 

Toensfeldt,  Kurt,  work  of 2.') 

Tough.  F.  B.,  work  of 12 


INDEX. 


299 


U.  Page. 

Utah  coals,  data  on 19 

tests  of : 262-266 

V. 

Vickers,  W.  E.,  work  of 32 

Virginia  coals,  data  on 19 

tests  of 267-272 

Vocke,  C.  W.,  work  of 36 

W. 

Washery  refuse,  tests  of 291-295 

Washing  tests,  account  of 29-31 

coals  tested  by 31 

equipment  of 29-30 

explanation  of 30-31 

objects  of 8,9 

results  of,  index  to 14-19 


I'agf. 
Washington  coals,  data  on 19 

tests  of 272-277 

Waters,  E.  C,  work  of 21 

Way,  K.  M.,  work  of 12,21 

Weeks,  H.  W.,  work  of 22 

Weidmann,  W.  C,  work  of 2(. 

Weidner,  P.  G.,  work  of 20 

Welks,  L.  S.,  work  of 22 

West  Virginia  coals,  data  on 10 

tests  of 277-284 

Wick,  J.  D.,  work  of 7,29 

WUUs,  R.  C,  work  of 21 

Woodman,  C.  E.,  work  of 22 

Wright,  C.  L.,workof 30 

Wyoming  coals,  data  on 19 

test  s  of 284-289 


Bolletm  No.  S3d  Series  Q,  Fuels,  7 

DEPARTMENT  OF  THE  INTERIOR 

UNITED  STATES  GEOLOGICAL  SURVEY 

GEORGE  OTIS  SMITH,  Director 


COAL-MINE  ACCIDENTS:  THEIR  CAUSES 
AND  PREVENTION 

A  PREI.IMINARY  STATISTICAI.  REPORT 

BY 

CLARENCE  HALL  and  WALTER  O.  SNELLING 

WITH   INTRODUCTION   BY 

JOSEPH  A.  HOLMES 

In  Charge  op  Technologic  Branch 


WASHINGTON 

GOVERNMENT    PRINTING    OFFICE 
1907 


IiitroductioD,  by  Joseph  k.  Holtcieig . , ,.,„,,, ., »*.  3 

Statist itna  relating  to  acei*lentfl  in  coal  n*ini*« ,  $ 

Fatal  BccidetitB  in  the  United  States , 5 

Number  of  men  killetl  for  e^u^h  thousand  employed  .*,*,*^.,,^,. 5 

IficreaB6  in  the  United  Stfttes ^, ,,..,,  5 

Deerejifie  in  Eoroijean  countries , , , , ,  6 

Protective  l^nalation , ,.* .,._, __  6 

Belgium .__,,, ..,..-,,,.  6 

Great  Britain  , , *.,,,,  7 

Truirsia  ..,.- , ._--.__..*,..  7 

France  ,,_ ,,-,. .-•-,  7 

Com jjartitive  summary,,,. ,*.»**.  8 

Causes  of  mine  at^cidents ...._...._. -,,,,.,  S 

Fatal  aecidenta  from  fal Ijs  of  roof  and  coal ,,,,.,, ^^ , ..^ r,-,.*.-^.- 

Fatal  accidents  from  ga.s  and  dupt  explosionH,.^,,.^.^,.,,,.^ 10 

Fatal  accidents  from  other  causes 11 

Number  of  men  killed  for  each  million  tons  of  coal  produced 11 

United  States 11 

European  countries 12 

Conclusions * 13 

Prevention  of  mine  accidents 14 

Safety  lamps 14 

Use  of  explosives 15 

Storage  of  explosives 18 

Shot  tirers 18 

Materials  used  for  tamping 19 

Watered  zones 19 

Aid  to  the  injured 19 

Enforcement  of  regulations 20 

Study  of  mining  conditions 20 

Acknowledgments 21 


INTRODUCTION. 


By  Joseph  A.  Holmes. 


The  general  supervision  of  the  work  of  the  coal-mine  inspectors  in 
New  Mexico  and  Indian  Territory  was  transferred  on  June  10,  1907, 
by  the  Secretary  of  the  Interior  to  the  Geological  Survey  in  a  letter 
from  which  the  following  paragraphs  are  extracted: 

I  have  to  request  that  from  and  including  the  1st  day  of  July,  1907,  you  will  take 
up  the  practical  administration  of  the  act  for  the  protection  of  the  lives  of  inincra 
in  the  Territories,  approved  March  3  1891,  and  the  act  amendatory  thereof,  approved 
July  1,  1902,  and  the  supervision  of  the  work  of  the  coal-mine  inspectors  in  New  Mexico 
and  the  Indian  Territory  appointed  pursuant  to  said  statute,  and  those  who  may  here- 
after be  appointed  in  such  Territories  in  which  the  aggregate  annual  output  is  in 
excess  of  1,000  tons  of  coal. 

In  this  connection  it  is  suggested  that  the  officers  of  the  Geological  Survey  liaving 
the  matter  in  charge  should  not  only  investigate  the  general  mining  conditions  in  the 
Territories,  but  also  the  nature  and  extent  of  the  mine  accidents,  particularly  those 
resulting  from  explosions,  and  report  to  the  Department  the  results  of  such  investiga- 
tions. These  reports  should  contain  also  suggestions  as  to  how  the  mining  conditions 
may  be  improved  and  accidents  prevented,  without  undue  hardship  to  the  operators. 

In  a  letter  dated  June  14,  1907,  this  supervision  of  the  work  of  the 
coal-mine  inspectors  was  placed  by  the  Director  of  the  Survey  under 
the  technologic  branch  of  that  organization.  In  endeavoring  to 
carry  out  the  suggestions  of  the  Secretary  relative  to  the  improve- 
ment of  the  mining  conditions  and  prevention  of  mine  accidents  in 
the  coal  mines  of  the  Territories,  a  number  of  examinations  of  the 
more  dangerous  coal  mines  of  the  Indian  Territory  were  made  by 
Clarence  Hall,  Samuel  Sanford,  RoUin  T.  Chamberlin,  and  the  expert 
in  charge  of  the  technologic  branch.  Other  and  more  extended 
examinations  of  the  coal  mines  of  both  Indian  Territory  (Oklahoma) 
and  New  Mexico  have  been  planned.  Meanwhile  Mr.  Hall  and  his 
associates  have  been  investigating  the  nature,  extent,  causes,  and 
results  of  a  number  of  disastrous  coal-mine  explosions  in  several  of 
the  States.  These  studies  have  been  carried  on  in  connection  with 
the  general  investigation  of  the  waste  and  destruction  of  coal  in 
mining  operations. 

In  connection  with  all  these  investigations,  and  with  a  view  to 
determining  the  practicability  of  preventing  coal-mine  explosions 
and  improving  mining  conditions,  a  general  inquiry  was  begun  by 
Mr.  Hall,  with  the  assistance  of  Walter  O.  Snelling  and  under  the 
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advice  of  Prof.  Charles  E.  Munroe,  concerning  the  nature  and  extent 
of  such  explosions  and  the  methods  employed  in  the  United  States 
or  in  foreign  countries  to  prevent  their  (M^currence. 

In  response  to  niimerotis  requests  for  information  on  this  subject, 
a  brief  suuunaiy  of  the  results  of  these  inquiries  has  been  prepared 
for  immediate  pubKcation  as  the  present  bulletin.  Later  bulletins 
will  deal  with  other  phases  of  this  subject  and  also  embody  the 
results  of  the  investigations  of  coal  mining  and  coal-mine  accidents 
in  the  Territories. 

The  figures  given  in  this  report  indicate  that  during  the  year  1900 
nearly  7,000  men  were  killed  or  injured  in  the  coal  mines  of  this 
country,  and  that  the  number  of  theise  accidents  caused  directly  or 
indirectly  by  mine  explosions  has  been  steadily  increasing.  It  is 
also  indicated  that  this  increase  has  been  due  in  part  to  the  lack  of 
proper  and  enforci^able  mine  regulations;  in  part  to  the  lack  of  reli- 
able information  concerning  the  explosives  used  in  mining,  and  the 
conditions  under  which  they  can  be  used  safely  in  the  presence  of 
the  gas  and  diist  encountered  in  the  mines;  and  in  part  to  the  fact 
that  in  the  development  of  coaJ  mining  not  only  is  tlie  number  of 
miners  increasing,  but  many  areas  from  which  coal  is  being  taken  are 
either  deeper  or  farther  fmm  the  entrance,  where  good  ventilation  is 
more  difficult  janiLthe-  dangerous  accumulfttiontof  ©plosive  gas  more 
frequent. 

The  increase  both  in  the  number  and  in  the  seriousness  of  mine 
explosions  in  the  United  States  during  past  years  may  be  expected 
to  continue  unless,  through  investigations  made  in  the  United  States 
such  as  have  proved  effective  in  other  coal-producing  countries,  in- 
formation can  be  obtained  and  published  concerning  the  explosives 
used,  the  conditions  under  which  they  may  be  used  safely  in  the 
presence  of  coal  dust  or  gas,  and  the  general  conditions  which  make 
for  health  and  safety  in  coal-mining  operations.  Such  information, 
obtained  through  comprehensive  and  impartial  investigations,  may 
serve  in  this,  as  in  other  countries,  as  an  intelligent  basis  both  for 
legislative  enactments  and  for  agreements  among  persons  associated 
with  mining  operations. 

One  after  another  of  these  terrible  underground  disasters  awakens 
the  sympathies  of  the  nation  and  arouses  an  earnest  desire  that  they 
may  be  entirely  prevented.  Experience  in  the  deeper  and  more  dan- 
gerous coal  mines  of  Belgium  and  other  countries  not  only  indicates 
that  these  mine  accidents  may  be  reduced  to  less  than  one-third  their 
present  number  in  the  United  States,  but  also  gives  promise  of  results 
which  ih  the  future  may  at  least  approach  complete  prevention. 


COAL-MINE  ACCIDENTS:  THEIR  CAUSES  AND  PREYEN- 
TION-A  PRELIMINARY  STATISTICAL  REPORT. 


By  Clarence  Hall  and  Walter  O.  Snelltng. 


STATISTICS  REIiATING  TO  ACCIDEXTS  IX  COAL.  MINES. 
FATAL  ACCIDENTS  IN  THE  UNITED  STATES. 

In  the  coal  mines  of  the  United  States  in  1906,  6,861  men  wore 
killed  or  injured,  the  number  killed  being  2,061  and  the  number 
injured  being  4,800. 

The  number  of  men  killed  in  the  coal  mines  of  the  United  States  for 
each  year  from  1890  is  shown  in  the  following  table : 

Number  of  men  killed  in  the  coal  mines  of  the   United  States,  1890-1906. 

1890 701  1900 1, 493 

1891 1,076  I  1901 1,594 

1892 859  !  1902 J,8l>8 

1893 965  I  1903 1,794 

1894 957  '  1904 1.999 

1895 1,  057  ,  1905 2,  097 

1896 1,  120  I  1906 2,  061 

1897 -. 947 


1898 1,049 

1899 1,243 


Total 22,840 


The  total  number  of  men  killed  since  1889,  as  shown  above,  is 
22,840.  It  will  be  noted  that  as  many  violent  deaths  have  occurred 
in  the  coal  mines  of  the  United  States  during  the  last  six  years  as 
during  the  preceding  eleven  j^ears,  the  number  of  fatal  accidents 
having  practically  doubled  within  that  time. 

NUMBER  OF  MEN  KILLED  FOR    EACH  THOUSAND  EMPLOYED. 
INCREASE    IN   THE    LTNITED    STATES. 

The  great  increase  in  the  production  of  coal  during  the  last  decade, 
and  the  related  increase  in  the  number  of  men  employed  in  the 
industiy,  may  seem  to  account  for  the  increase  in  the  number  of 
fatal  accidents.  But  the  following  table,  giving  the  number  of  men 
killed  for  each  1,000  employed,  shows  that  the  increase  can  not  bo 
accounted  for  in  this  way: 
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Numl/er  of  men  hillcdin  fAe  t-oal  mw*  of  th^  JJniti^d  States  for  each  1,000  Trm%  fwijuloj/wL 


1S95 ,.„ -,...  2.67 

1896..,  .,..,.., .._...._...-  2-79 

1897..-. .- ..-  2.34 

1898 2.m 

1S09..-.., ., . ....  2.98 

1900.., — -- 3.M 


1901,..-....,-..-.--....-, 3.24 

lft02,......- .-.-.---- 3.49 

1903 ,.,..-,,.,,„, ,,.  3,14 

1904,,-.. -..,, 3.38 

1905.. .,.,-.-.-, 3.53 

1906,. - _,_  3.40 


DECREASE    IN    EUBOPEAN    COUNTRIES, 

• 

In  all  the  European  coal-prod ucing  roiintriesi  the  output  of  coal  has 
imToastul  greatly  during  the  last  ten  years,  but  the  number  of 
deaths  per  1,000  minersj  instead  of  increasing  as  in  this  coiintrTj  has 
undergone  a  marked  and  decided  decrease.  This  decrease  ha^  been 
due  to  the  effect  of  miniug  legislation  in  those  countries  for  the  safe- 
guarding ami  protection  of  the  lives  of  the  workmen,  and  ha8  been 
made  possible  by  government  action  in  estahUshing  testing  stations 
for  the  study  of  problems  relative  to  safety  in  mining,  including  the  use 
of  explosives. 


The  decrease  in  Belgium  is  shown  in  the  following  table: 

Number  of  men  killed  for  each  1,000  men  employed  in  the  coal  mines  of  Belgium  for  each 

decade  since  1830. 


1831-1840 3.19 

1841-1850 3.18 

1851-1860 3.  28 

1861-1870 2.  60 


1871-1880 2.36 

1881-1890 1.9^ 

1891-1900 1. 39 

1901-1906 1.02 


It  will  be  seen  from  the  above  table  that  the  study  of  mining  con- 
ditions in  Belgium  has  resulted  in  a  reduction  of  the  death  rate  per 
1,000  men  employed  to  one-third  of  the  ratio  now  existing  in  the 
United  States.  It  seems  certain  that  if  a  similar  study  of  mining 
conditions  were  to  be  made  in  the  United  States  and  proper  legisla- 
tion could  be  secured  to  enforce  the  conditions  found  to  be  necessary 
for  a  better  safeguarding  of  the  lives  of  the  miners,  the  death  rate 
from  mine  accidents  would  be  greatly  reduced.  The  following  table 
gives  the  death  rate  from  accidents  in  the  coal  mines  of  Belgium  in 
the  vears  1895-1906: 


Number  of  lives  lost  in  the  coal  min^s  of  Belgium  for  each  1,000  men  employed. 


1895. 
1896. 
1897. 
1898. 
1899. 
1900. 


1.40 

1901 

1.16 

1902 

1.03 

1903 

1.04 

1904 

.97 

1905 

1.05 

1906 

i.ie 

1.07 

1.14 

.93 

.91 

.94 
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GREAT   BRITAIN. 


The  number  of  men  killed  in  the  coal  mines  of  Great  Britain  for 
each  1,000  men  employed  is  shown  for  each  year  since  1890  in  the 
following:  table : 


Number  of  men  killed  in  the  coal  mines  of  Great  Britain  for  each  1,000  m^n  employed. 


1891 1.50 

1892 1.49 

1893 1.55 

1894 1.60 

1895 1.49 

1896 1.48 

1897 1.34 

1898 1.28 


1899 1.26 

1900 1.30 

1901 1.36 

1902 1.24 

1903 1.27 

1904 1.24 

1905 1.35 

1906 1.29 


PRUSSIA. 

The  number  of  men  killed  in  the  coal  mines  of  Prussia  for  each 
1,000  men  employed  is  shown  for  a  number  of  years  in  the  following 
table: 

Number  of  men  hilled  in  the  coal  mines  of  Prussia  for  each  1,000  men  eviploycd. 

1861-1866 2.66 

1867-1880 2.94 

1881-1890 2.93 


1891. 
1892. 
1893. 
1894. 
1895. 
1896. 


2.89 
2.21 
2.62 
2.21 
2.54 
2.58 


1897 

2.35 

1898 

2.86 

1899 

2.31 

1900 

2  ^T 

1901 -  2  .S4 

1902 

1.99 

1903 

1  02 

1904 1.80 

In  France  the  number  of  lives  lost  per  1,000  men  employed  has 
been  very  low  for  a  number  of  years,  but  since  the  publication  of 
the  last  available  report  an  explosion  has  occurred  at  the  Courrieres 
mine  in  that  country,  causing  the  death  of  more  than  1,000  miners, 
and  this  would  materially  affect  the  result  of  any  tabulation.  The 
number  of  lives  lost  per  1,000  men  employed  for  each  year  for  which 
statistics  are  available  is  as  follows: 


Number  of  lives  lost  in  the  coal  mines  of  France  for  each  1,000  men  employed. 

1901 1. 03 

1902 95 

1903 86 

1904 89 

1905 84 
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COMPARATIVE    StTMMARY, 

On  comparing  the  average  death  rates  from  accidents  in  coal  mines 
for  each  1,000  iiicii  cni  ployed  in  different  con ti trices  the  full  aignifi- 
caDce  of  the  figures  alreatly  given  may  be  seen. 

In  the  following  table,  giving  the  average  ratio  for  the  last  period 
of  five  years  for  wliich  statist ies  are  at  hantl,  the  position  of  the  United 
States  may  be  compared  with  that  of  the  principal  European  coal- 
producing  countries: 

Number  o/^itm  Hlkd/&r  mch  ItOOO  m^n  emj}loyid~~^gi^i^&grM  for  Jlvf  iffam. 

Fmnce  (1901-m)5) . .,._ _  0.01 

Belgium  (19<)2-190«) __.„--. LOO 

Grt-at  Brit4iijv(Ui02-l906).. ,,,., 1.28 

PtqssU  (1900-1*K)4) ...  ,. 2,0<j 

United  States  (1002-1  we).,, ....,,,..,,„,,  3.39 

Belgium  maintains  the  most  thoroughly  equipped  testing  station 
in  the  world,  and  for  a  number  of  years  has  carried  out  ext-ensive 
experiments  to  devise  means  to  prevent,  accidentia  and  to  increase  the 
safety  of  workers  in  the  mines.  The  success  of  these  experiments 
will  be  better  realized  when  it  is  stated  that  at  the  beginning  of  the 
investigations  the  number  of  men  killed  each  year  for  each  l^OOO 
men  employed  wh<s  *^.2,  or  very  nearly  that  now  shown  for  the  United 
States,  while  at  present  it  is  less  than  one-third  of  that  number. 

Great  Britain  and  Gennany  also  maintain  testing  stations,  where 
every  question  relating  to  the  testing  of  explosives,  safety  lamps, 
rescue  devices,  and  all  similar  matters  may  be  submitted  to  experi- 
mental studies.  As  the  result  of  this  foresight  great  reductions  have 
been  made  in  the  number  of  accidents  in  the  coal  mines  of  those 
countries. 

CAUSES  OF  MINE  ACCIDENTS. 


FATAL   ACCIDENTS    FROM    FALLS    OF    ROOF   AND    COAL. 

In  1906  the  causes  of  the  fatal  and  nonfatal  accidents  in  the  coal 
mines  of  the  United  States  were  as  follows: 

Coal-niijic  accuknts  in  the  Unitrd  States,  1906. 


Accidents  due  to 


Gas  and  dust  explosion 

Powder  explosions 

Falls  of  roof  and  coal. . . 
Other  causes 


Killed.    I  Injured. 


228  f 

307 

SO 

215 

1,008 

l,8t.3 

732  1 

2,192 

It  will  be  noted  that  50  per  cent  of  all  the  fatal  accidents  and  39 
per  cent  of  all  the  nonfatal  accidents  were  the  result  of  falls  of  roof 
and  coal;  and  that  accordingly  these  are  the  most  prolific  source  of 
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accidents  in  the  coal  mines  of  the  United  States.  The  following 
statement  of  deaths  from  this  cause  per  1,000  men  employed  shows 
how  the  United  States  compares  with  several  of  the  foreign  coal- 
producing  countries  in  this  regard : 

Deaths  from  falls  of  roof  and  coal  per  1,000  men  employed. 

Belgium 0. 40 

France 47 

Great  Britain G4 

Germany 92 

United  States ] .  70 

In  all  the  countries  mentioned,  except  the  United  States,  the  use 
of  excessive  charges  of  explosives  is  prohibited  by  law,  and  definite 
limits  are  set  as  to  the  amount  of  any  explosive  that  may  be  used. 
Although  these  regulations  were  framed  with  the  object  of  preventing 
gas  explosions,  it  is  believed  that  they  have  been  of  marked  efVect  in 
preventing  accidents  from  falls  of  roof  and  coal,  as  the  ver^'  groat  dis- 
turbing and  jarring  effect  exerted  by  the  discharge  of  large  amounts  of 
explosives  in  a  mine  is  believed  to  be  one  of  the  most  important  causes 
of  falls  of  roof.  The  actual  fall  of  the  rock  or  coal  may  not  occur  at 
the  time  of  firing  the  charge,  but  the  heavy  shots  weaken  the  wall  and 
roof  and  start  cracks  that  impair  the  support  of  the  rock,  so  that 
months  after  the  bla§t,  without  warning,  the  roof  or  wall  falls. 

It  is  also  to  be  noted  that  explosions  of  fire  damp  and  coal  dust 
have  a  similar  effect  in  jarring  and  weakening  the  walls  and  roof,  and 
in  gassy  regions,  where  small  explosions  of  fire  damp  are  of  freciuent 
occurrence,  falls  from  this  cause  may  make  up  a  consideral)le  percent- 
age of  the  total  number.  But  even  in  such  regions  the  use  of  explo- 
sives and  unsatisfactory^  forms  of  lamps  is  generally  the  indirect  cause 
of  the  fall,  for  nearly  all  explosions  of  fire  damp  are  caused  by  ignition 
from  the  shots  used  in  breaking  out  the  coal  or  from  naked  lights  used 
by  the  miners. 

In  all  foreign  countries  from  which  statistics  are  available  restric- 
tions in  the  maximum  amount  of  explosives  allowed  to  be  used  have 
not  only  increased  the  safety  from  explosions  of  gas,  but  have  also 
materially  diminished  the  loss  of  life  from  falls  of  roof. 

The  following  table  shows  the  number  of  deaths  per  1,000  men  from 
falls  of  roof  and  coal  in  France  for  each  five-year  period  since  1870: 

Number  of  men  hilled  from  falls  of  roof  and  coal  in  France  for  each  1,000  men  employed, 

1871-1875 1.2i; 

1876-1880 05 

1881-1885 88 

1886-1890 r,2 

1891-1895 50 

1896-1900 47 

32481— Bun.  333—08 2 
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The  steady  decrease  in  the  death  rati^  frotn  this  cause  is  note- 
worthy^ ami  isundouhteilly  due  largely  to  the  greater  stability  of  the 
sides  and  roof  when  free  from  tlie  jarring  and  fissuring  effect  of  large 
charge:*  of  explosives* 

In  Belgium,  results  similar  to  those  obtained  in  France  have  fol- 
lowed the  reduction  of  the  ullowod  charges ^  as  will  be  seen  from  the 
following  table: 

Nitinbtr  of  men  killed  froM/alls  o/rooftmd  cool  in  Belgium  Jor  fofA  J  .000  men  efnphyedt 


1851-l8t>0..... ,.. „......,.  0.998 

1801-1870. ,.„ .-..., -,...,.,,.. ♦SQS 

1871-1880 70& 

188W1S90-.... .,. - --.,.„..... .661 

1891-1900...,, ,-,.,,,,...,.,. ....,, ,.. &12 

)901'1W4,.-^... -.-.-...,..  Am 


W  In  Great  Britain  anti  Germany  the  results  are  similar  to  those  in 

I  France  and  Belgium,  and  thus  the  evidence  on  this  subject  is  found 

%  ttj  be  consistent,  and  to  point  nnifonniy  to  the  conchisions  mentioned. 


FATAL   ACCIDENTS    FKOM    GAS    AND    DUST    EXPLOSIONS. 


Gas  and  dust  explosions  form  another  important  cause  of  mine 

accidents.     In  the  United  States  during  1906  11  per  cent  of  all  the 
deaths  in  coal  mines  were  due  to  such  explosions. 

In  general,  explosions  of  coal  dust  and  fire  damp  are  brought  about 
either  by  ignition  from  explosives  used  in  mining  or  from  miners' 
lamps'.  Both  of  these  causes  have  received  careful  study  at  the 
foreign  testing  stations,  and  the  result  of  the  legislation  which  has 
followed  is  well  shown  in  Belgium,  where  gas  is  particularly  prevalent 
in  the  mines,  but  where,  through  precautions  resulting  from  the 
study  of  the  conditions  that  favor  explosions,  loss  of  life  from  this 
cause  has  been  reduced  to  a  minimum.  The  following  statement 
shows  how  successful  the  results  in  this  direction  have  been: 

Number  of  men  killed  from  explosions  of  fire  damp  in  Belgium  for  each  1,000  men 

employed. 

1831-1840 0.965  !  1871-1880 0.487 


1841-1850 764 

1851-1860 428 

1861-1870 344 


1881-1890 364 

1891-1900 208 

1901-1904 039 


From  this  statement  it  will  be  seen  that  the  number  of  fatal  acci- 
dents resulting  from  the  explosion  of  fire  damp  have  been  so  greatly 
reduced  that  the  present  death  rate  from  this  cause  is  but  one-tenth  of 
that  of  thirty  years  ago.  This  has  been  due  to  systematic  testing  of 
safety  lamps,  only  those  forms  being  allowed  to  be  used  which  are 
capable  of  withstanding  rapidly  moving  currents  of  fire  damp  under 
all  conditions  likely  to  be  encountered  in  mines,  and  to  thorough  test- 
ing of  all  explosives  to  determine  the  amount  of  each  which  can  be 
&-€(!  without  danger  of  explosions  of  fire  damp  or  coal  dust. 


OOAL-MINE   accidents:    CAUSES    AND   PREVENTION.  11 

FATAL   ACCIDENTS    FROM    OTHER    CAUSES. 

Other  causes  of  fatal  accidents  in  coal  mines,  such  as  defective 
hoisting  machinery,  suffocation  by  carbon  dioxide  or  poisonous  ^rases, 
collision  of  coal  cars,  and  many  other  causes  of  similar  natun^,  are 
generally  within  the  control  of  the  State  mine  inspectors,  and  if  a  suf- 
ficient number  of  intelligent  and  capable  inspectors  are  provided  acci- 
dents of  this  character  may  be  kept  within  very  close  limits  without 
great  difficulty. 

NUMBER  OF  MEN    KILLED    FOR    EACH    MILLION    TONS    OF    COAL 

PRODUCED. 

UNITED    STATES. 

When  the  total  number  of  fatal  accidents  in  the  coal  mines  of  the 
United  States  is  considered  with  reference  to  the  number  of  tons  of 
coal  produced,  it  is  seen  that  the  number  of  men  killed  for  each  million 
tons  of  coal  produced  has  not  changed  materially  in  the  last  fifteen 
years.  The  following  table  shows  the  number  of  men  killed  in  the 
coal  mines  of  the  United  States  for  each  million  long  tons  of  coal  pro- 
duced in  each  year  since  1890 : 

Number  of  men  killed  in  the  coal  mines  of  the  United  States  for  each  million  to7i^  of  coal 

produced,  by  years. 


1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 
1897. 
1898. 


4.97 

1899 

7.14 

1900 

5.3G 

1901 

5.93 

1902 

6.28 

1903 

6.13 

1904 

6.53 

1905 

5.30 

1906 

5.34 

5.49 
G.20 
G.08 
().79 
5.  (>2 
(>.24 
5.97 
5.  57 


Considered  in  periods,  the  average  results  obtained  are  as  follows: 

Number  of  men  killed  in  the  coal  mines  of  the  United  States  for  each  million  tons  of  coal 

produced,  by  periods. 

General  average,  1890-1906 5.  93 


1890-1895 5.  97 

1896-1900 5.  77 

1901-1906 6. 04 

It  is  very  doubtful  whether  natural  conditions  in  any  other  country 
in  the  world  are  so  favorable  as  in  the  United  States  for  getting  out 
coal  with  the  minimum  amount  of  danger  to  the  workmen  employed. 
The  structural  relationships  in  the  principal  coal  districts  of  the 
United  States  are  entirely  favorable,  and  beds  of  4,  5,  and  6  feet  in 
thickness,  lying  in  nearly  horizontal  positions  and  providing  almost 
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if|{>al  conditions  for  mining,  make  up  a  greater  proportion  of  the  coal 
properties  tn  active  development  than  in  any  other  coal-producing 
country. 

The  coal  mines  of  the  United  States,  considered  as  a  whole,  are  not 
troubled  by  fire  damp  to  any  greater  extent  than  the  mines  of  most 
other  countries.  The  abundance  and  cheapness  of  timber  in  this 
coimtrv^  in  the  past  should  also  htt%^e  been  factors  of  coiisiderahle 
importance  in  roilucing  the  number  of  accitlents  in  mines,  inasmnch 
as  with  abundant  timber  the  use  of  sufficient  pmps  to  support  the 
roof  and  sides  .would  not  be  prevented  by  tlic  factor  of  cost. 

But  in  spite  of  all  the  natural  conditions  tending  to  reduce  the 
percentage  of  mine  accidents  in  the  United  States  to  a  low  figure^ 
the  accidents  during  the  last  fifteen  years  show  directly  contran' 
results.  Considered  in  regard  to  the  number  of  deaths  per  1,000 
men  employed,  the  United  States,  as  has  already  been  pointed  out, 
occupies  a  less  favorable  position  than  any  other  of  the  coal-produc- 
ing countries,  more  than  three  times  as  many  men  out  of  each  1,000 
eiu ployed  being  killed  as  in  some  of  the  European  countries  that  are 
mucli  less  favored  in  natural  conditions.  In  regard  to  deatlis  per 
nullion  tons  of  coal  the  United  States  not  only  occupies  a  position 
worse  than  that  of  most  of  the  European  countries,  but  is  also  show- 
ing an  increase  in  the  rate^  whereas  everj^  other  country"  is  sho%\Tng 
a  decrease. 

EUROPEAN    COUNTRIES. 

The  following  statement  shows  the  figures  for  Great  Britain: 

Number  of  men  hilled  in  the  coal  mines  of  Great  Britain  for  each  million  tons  of  coal 

produced. 

1874-1883 7. 42 

1884-1893 5.  65 

1894-1903 4.  70 

1904 4. 41 

1905 4.  G4 

190G : 4.  31 

For  France  the  fig^ires  are  as  follows: 

Number  of  men  killed  in  the  coal  mines  of  France  for  each  million  tons  of  coal  produced. 

1900 5.55 

1901 5.  21 

1902 4.  80 

1903 4.  20 

1904 4.  55 

1905 4. 17 

For  Belgium,  which  is  troubled  with  fire  damp  to  a  greater  extent 
than  any  other  coal-producing  country,  the  figures  are  not  so  good  as 
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those  just  given  for  France;  but  even  in  Belgium  better  results  have 
been  obtained  for  the  three  years  1904-1906  than  in  the  United  States, 
as  will  be  seen  from  the  following  table : 

Number  of  vfien  hilled  in  the  coal  mines  of  Belgium  for  each  million  ions  of  coal  produced. 

1895 7.70 

1896 6.39 

1897 : 5.77 

1898 7.78 

1899 5.77 

1900 5.96 

1901 6.93 

1902 6.29 

1903 6.68 

1904 5.66 

1905 5.64 

1906 4.96 

Prussia  shows  less  favorable  results  than  the  United  States  in 
regard  to  lives  lost  per  million  tons  of  coal,  yet  during  the  last  ten 
years  there  has  been  an  almost  steady  decrease  in  the  number  killed 
per  million  tons  mined,  and  the  number  of  Uves  lost  per  1,000  men 
employed  has  also  decreased  from  2.54  to  1.80,  showing  that  the  high 
death  rate  based  on  amount  of  coal  produced  is  largely  due  to  the 
natural  conditions  existing  in  the  coal  mines  of  that  country. 

CONCLUSIONS. 

It  has  already  been  stated  that  in  no  country  in  the  world  are  tlie 
natural  conditions  so  favorable  for  the  safe  extraction  of  coal  as  in 
the  United  States,  and  it  has  also  been  pointed  out  that  in  spite  of 
this  fact  the  number  of  lives  lost  per  1,000  men  employed  is  far  higher 
than  in  any  other  coal-producing  country,  and  that  the  number  of 
Uves  lost  per  million  tons  of  coal  produced  is  exceeded  by  only  one 
other  country.  It  now  remains  to  be  shown  that  unless  energetic 
means  are  taken  to  counteract  this  prevailing  tendency  not  only  will 
the  death  rate  in  proportion  to  men  employed  and  tons  produced 
increase  as  it  has  done  in  the  last  few  years,  but  it  will  increase  at  a 
much  more  rapid  rate. 

With  the  depletion  of  the  thicker  and  more  favorably  mined 
seams  of  coal,  thinner  and  less  regular  seams  must  be  worked.  This 
factor  will  undoubtedly  be  of  the  greatest  importance  within  a  com- 
paratively few  years,  and  the  natural  result  would  be  to  greatly 
increase  the  death  rate.  The  rising  price  of  timber  will  have  the 
effect  of  decreasing  the  number  of  wooden  props  used  in  mining,  and 
probably  will  increase  the  chance  of  accidents  from  falls  of  roof  and 
coal.  Another  important  factor  in  the  mines  of  the  United  States  is  to 
be  found  in  the  nationality  of  the  miners.    Most  of  the  men  are  foreign 
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born,  a  large  proportion  of  them  are  "Unable  to  iinilerstand  English 
freely,  and  a  still  larger  number  are  unable  to  read  or  write  that 
lan^mge.  Some  of  them  are  itiexperienced  and  do  not  take  proper 
precautions  eitlier  for  tlieir  own  j^aJety  or  for  the  .safety  of  others. 
Tliis  beccimea  a  most  aeriona  menace  unless  thej'^  are  restrained  by 
carefully  enf<)R'ed  i^e^uhititms!* 

Witii  the  jnining  of  the  amaller  beds  of  coal  and  the  gradual  develop- 
ment of  properties  worked  with  more  difiicidty,  bringing  the  mining 
C(jnditiomi  in  the  United  States  more  nearly  to  a  position  of  equality 
with  those  abroad,  a  great  increase  in  tbe  number  of  accidents  nmst 
be  expecteil  unlesis  proper  steps  are  taken  to  remedy  the  conditions 
that  have  brought,  abcmt  tlie  present  remarkablj^  high  death  rate  in 
tlie  uoal  mines  of  the  United  States. 

PJlEVEN^riON  OF  MINK  ACCIDEN"!^. 

The  successful  residts  whii-h  have  attendeil  efforts  made  in  Euro- 
pean DO al- producing  countries  to  reduce  the  dangers  of  coal  mining 
have  already  been  mentioned.  The  most  important  of  the  means 
through  which  these  results  liave  been  acliieved,  in  the  opinion  of 
the  investigators  who  have  had  the  matter  in  charge,  will  now  be 
considered  and  some  of  the  regulations  governing  coal-mine  opera- 
tions in  foreign  countries  will  be  briefly  discussed.  No  mention  is 
made  herein  of  numy  of  the  admirable  precautions  taken  in  some  of 
the  foreign  mining  districts  for  combating  unfavorable  local  con- 
ditions, and  many  regulations,  such  as  those  in  regard  to  timbering, 
spacing  of  pillars,  and  width  of  rooms  and  entries,  will  be  taken  up  in 
a  later  paper. 

SAFETY  LAMPS. 

The  compulsory  use  of  safety  lamps  in  mines  having  a  dangerous 
amount  of  fire  damp  is  general  in  all  the  European  coal-producing 
countries.  The  regulations  on  this  subject  for  Great  Britain  are  as 
follows :  ^ 

Rule  8.  No  lamp  or  light  other  than  a  locked  safety  lamp  shall  be  allowed  or  used 
(a)  in  any  place  in  a  mine  in  which  there  is  likely  to  be  any  such  quantity  of  inflam- 
mable gas  as  to  render  the  use  of  naked  lights  dangerous;  or  (6)  in  any  working  place 
approaching  near  a  place  in  which  there  is  likely  to  be  an  accumulation  of  inflam- 
mal)le  gas. 

And  when  it  is  necessary  to  work  the  coal  in  any  part  of  a  ventilating  district  with 
safety  lamps,  it  shall  not  be  allowable  to  work  the  coal  with  naked  lights  in  another 
part  of  the  same  ventilating  district,  situated  between  the  place  where  such  lamps  are 
being  used  and  the  return  airway. 

Rule  9.  Wlienever  safety  lamps  are  used,  they  shall  be  so  constructed  that  they 
may  be  safely  carried  against  the  air  current  ordinarily  prevailing  in  that  part  of  the 
mine  in  which  the  lamps  are  for  the  time  being  in  use,  even  though  such  current  should 
be  inflammable. 


I 


a  Coal-niines  regulation  act,  1887,  paragraph  49. 
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The  laws  of  the  other  coal-producing  countries  are  similar  in  essen- 
tial particulars  to  those  of  Great  Britain. 

The  keeping  of  at  least  two  safety  lamps  in  all  mines  (whether 
thought  to  be  gaseous  or  not)  is  also  required  in  some  countries ;  and 
laws  regulating  the  maimer  of  locking  safety  lamps  and  requiring  that 
all  lamps  shall  be  capable  of  being  so  locked  by  magnetic  devices, 
compressed  air,  or  other  means,  as  not  to  be  opened  by  any  unauthor- 
ized person,  are  also  in  effect. 

The  employment  of  relighting  stations,  at  which  locked  safety  lamps 
may  be  relighted  in  the  mine  when  they  are  accidentally  extinguished, 
is  permitted  in  several  countries.  In  the  coal-mines  regulation  act  of 
Great  Britain,  rule  10,  it  is  stated  that  relighting  stations  must  not  be 
in  the  return  air  from  any  part  of  the  mine  in  which  safety  lamps  are 
required  to  be  used,  the  object  of  this  provision  being  to  prevent  the 
possibility  of  fire  damp  being  ignited  at  the  relighting  station  and 
passing  back  to  the  workings.  In  Belgium  and  Germany  the  lamps 
in  use  are  equipped  with  relighting  devices  of  approved  design,  and 
are  known  to  be  practically  free  from  danger  of  igniting  fire  damp,  so 
that  relighting  stations  are  unnecessary. 

Provisions  regarding  the  examination  of  safety  lamps  at  regular 
intervals  by  some  competent  person,  to  see  that  they  are  kept  in  safe 
condition,  and  regulations  forbidding  the  possession  by  any  unauthor- 
ized person  of  any  contrivance  for  opening  the  lock  of  any  safety 
lamp  are  also  generally  in  force  in  France,  Belgium,  Germany,  and 
Great  Britain. 

USE  OF  EXPLOSIVES. 

The  various  commissions  which  have  been  appointed  by  Great 
Britain,  France,  Germany,  and  Belgium  for  the  study  of  mining  con- 
ditions have  brought  out  the  fact,  thoroughly  proved  by  experiment 
and  by  actual  tests  in  mines,  that  certain  types  of  explosives  are  much 
more  liable  than  others  to  ignite  fire  damp  and  thus  to  cause  gas  explo- 
sions. This  is  true  whether  we  consider  (1)  a  test  based  on  equal 
weights  of  the  two  explosives  or  (2)  the  fairer  test  of  such  weights  of 
each  as  have  equally  powerful  effects. 

Accordingly,  in  all  the  European  coal-producing  countries,  regula- 
tions have  been  made  forbidding  the  use  of  such  explosives  as  are 
known  to  be  most  dangerous  in  this  respect,  in  all  mines  in  which  fire 
damp  is  liable  to  be  present  to  a  dangerous  extent,  and  requiring  the 
use  in  these  mines  of  such  explosives  as  have  been  proved  to  be 
reasonably  free  from  the  danger  of  igniting  explosive-gas  mixtures. 

The  order  regulating  the  use  of  explosives  in  Great  Britain  contains 
the  following  provisions: 

(o)  In  all  coal  mines  in  which  inflammable  gas  has  been  found  within  the  previous 
three  months  in  such  quantity  as  to  be  indicative  of  danger  no  explosive,  other  than  a 
permitted  explosive  as  hereinafter  defined,  shall  be  used  in  or  taken  for  the  purpose  of 
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use  irilo  the  sm^ui  rtr  st'JAmp  in  whic  h  tbt*  gae  huB  been  foupd  or  any  shaft  or  lirift  i 
mnnkating  tberewitii  whirit  ie  in  pit>C€M  of  being  deepeuM  or  sunk,  or  bting  diivnti^ 
fts  th?  v&se  may  be^ 

(?/)  in  all  coal  mines  i«'hich  are  not  natumlly  wet  throughout  no  explDsiv^f  oiJier  than 
a  P4?nnltte4l  exploaive  aa  hereinafter  delinetL  shall  l>e  used  in  fsr  talcen  for  ihe  purjxiee 
of  use  into  any  rt^ad  or  any  dry  an<l  duaty  part  of  the  mine,  or  any  shaft  ^jf  drift  i^tn* 
mnnii^ating  therewith,  which  is  ia  proeesa  of  b^ing  deepened  or  snoki  of  lining  driven^ 
OS  tlie  ca:^  may  bo. 

The  '"permitted  explosives'*  to  which  reference  is  made  are  those 
explosives  Mhicli  have  been  found,  after  testin^r  at  the  Government 
experiinenL  station,  to  be  capable  uf  being  fired  in  an  explosive-gas 
mixture  without  causing  the  ignition  of  the  gas.  A  *'list  of  per* 
mitted  explosives"  is  keptj  inciudiii'^  all  those  explosives  that  answer 
the  required  test,  and  all  explosives  used  in  mines  that  are  dangerous 
becatuso  of  g^ns  or  coal  dust  must  be  selected  from  this  permit tfnl  list, 
wh ich  no w  i  nel  11  d PS  m i>re  1 1 1  a n  i I f  t  y  e  X  pi osi ve s . 

Sirrular  restrietions  in  the  use  of  unsafe  explosives  were* enforced  in 
Great  Britain  in  the  eoal -mines  regulation  act  of  1S87,  and  control  of 
like  kintl  is  exercised  in  France,  Belgium,  and  Germany.  In  all  these 
countries  the  restriction  of  unsafe  explosives  has  caused  the  develop- 
ment of  ''safety'*  explosives,  which  have  proved  greatly  superior  to 
thus*.*  previously  in  use.  The  stimulating  etfect  that  the  restriction 
of  tite  more  dangerous  types  of  explosives  has  hatl  on  the  inventioa 
and  testing  of  safety  explosives  is  well  shown  by  the  number  of  safety 
explosives  devised  each  year.  These  explosives  are  as  satisfactory 
in  every  respect  as  the  common  powder  previously  in  use,  and  jet  are 
free  from  most  of  the  danger  of  causing  mine  explosions,  inseparably 
connected  with  the  use  of  the  older  explosives.  Several  of  the  newer 
explosives,  for  example,  have  been  found  to  be  incapable  of  igniting 
an  explosive  mixture  of  fire  damp  and  air,  even  when  the  charge  of  the 
explosive  is  700  grams;  whereas  as  little  as  30  grams  of  the  older 
explosives  would  invariably  cause  an  explosion  of  fire  damp. 

In  Belgium,  owing  to  the  greater  amount  of  fire  damp  present  in  the 
mines  of  that  country,  a  further  restriction,  known  as  the  charge  limit, 
has  also  been  put  in  force.  Through  this  restriction  the  maximum 
amount  of  any  explosive  which  is  allow^ed  to  be  used  in  any  single 
charge  is  defined.  The  actual  amount  allowed  varies  according  to  the 
relative  liability  of  the  explosive  to  ignite  fire  damp,  but  with  all  the 
better  class  of  explosives  it  is  well  above  the  amount  needed  for  use  in 
a  single  charge  under  proper  mining  conditions. 

These  restrictions  in  tlie  kind  and  amount  of  explosives  have  yielded 
an  additional  benefit  in  the  fact  that  the  reduction  in  the  amount  used 
not  only  reduces  the  number  of  accidents,  but  also  to  a  large  degree 
prevents  coal  waste.  The  miner  finds  that  with  the  restricted  amount 
of  explosive  allowed  it  is  necessary  to  mine  by  machine  or  hand  in 
order  that  the  explosive  may* produce  the  coal,  and  a  larger  per  cent 
ol  Jump  coal  is  consequently  produced.     He  also  finds  that  the  props 
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for  supporting  the  roof  can  be  set  closer  to  the  face  of  the  workings, 
the  smaller  amount  of  explosive  being  less  liable  to  knock  them  down. 
The  miner  in  this  manner  secures  greater  protection  through  the 
increased  support  of  the  roof. 

The  importance  of  this  work  in  regard  to  the  prevention  of  acci- 
dents from  explosives  has  been  well  summarized  by  V.  Watteyne, 
chief  engineer  of  the  administration  of  mines,  Belgium,  as  follows: 

The  use  of  explosives  is,  and  especially  was,  the  principal  cause  of  danger  of  explo- 
sion in  the  mines.  It  is  this  cause  which,  previous  to  1890,  before  the  generalization 
of  safety  explosives  and  before  the  use  of  explosives  of  every  description  had  been 
reduced  by  various  means  to  a  minimum,  brought  about  deadly  catastrophes.  Within 
the  decennial  period  1880-1889  the  number  of  victims  of  ignitions  caused  by  the  use 
of  explosives  reached  90  per  cent  of  the  total  number  of  victims  of  explosions  in  mine?. 

It  may  be  asked.  What  is  the  reason  for  such  a  preponderance,  considering  that  the 
number  of  lights  introduced  into  the  mine  by  the  lighting  apparatus  is  far  greater  than 
the  number  of  shots?  It  would  be  too  long  to  examine  here  in  detail  the  causes  of  the 
greatest  danger  of  explosives,  but  we  will  mention  the  principal  ones  in  a  few  words. 
On  one  hand  the  safety  lamp,  though  still  imperfect,  has  acquired  a  fair  degree  of 
safety;  on  the  other  hand,  the  flame  of  a  lamp,  even  when  uncovered,  can  not  ignite  a 
fire-damp  mixture  unless  its  proportion  of  fire  damp  be  very  high,  say  6 J  to  7  per  cent, 
a  proportion  which  the  aspect  of  the  flame  betrays  in  a  very  apparent  manner  a  long 
time  before;  nor  can  it  ignite  a  mixture  of  dust.  The  case  is  different  with  the  vio- 
lent flames  caused  by  the  explosion  of  charges,  for  these  are  not  only  liable,  by  the 
shock  they  produce  in  the  atmosphere  of  the  workings,  to  call  forth  to  the  dangerous 
point  an  unexpected  rush  of  fire  damp,  but  they  can  ignite  the  clouds  of  dust  which 
this  very  commotion  has  raised,  and  in  this  way  can  bring  about  terrible  catastrophes, 
while  in  consequence  of  the  apparent  absence  of  fire  damp  one  may  think  himself 
nearly  safe. 

The  endeavors  made  after  1887,  in  consequence  of  disastrous  explosions,  to  reduce 
the  danger  of  explosives  have  brought  about  a  very  sensible  reduction  of  the  number 
of  the  victims  of  blasting.  Thus  within  the  following  decennial  period,  from  1890  to 
1899,  in  spite  of  the  awful  accident  of  Anderlues,  which,  in  1892,  made  160  victims, 
the  total  number  of  men  killed  by  mining  explosions  in  Belgium  has  been  reduced  to 
258,  from  the  previous  figure  of  455,  the  proportions  of  victims  of  ignition  by  the  use 
of  explosives  having  fallen  to  23  per  cent. 

In  connection  with  the  foregoing  statement  the  following  table  will 
prove  of  interest,  showing  the  remarkable  increase  in  the  use  of  safety 
powder  in  Belgium  during  ten  years,  coincident  with  the  decrease  in 
the  use  of  black  blasting  powder  for  the  same  period. 

Use  of  safety  explosives  and  black  blasting  powder  in  the  coal  mines  of  Belgium. 


Year. 


Safety       Black  pow- 


cxplosives. 


Kilograms. 

1895 80,786 

1897 1        128,870 

1899 1        176,440 

1901 1        247,849 

1903 '        399,821 


der. 


Kilograms. 
689. 344 
557.900 
465.  648 
442, 780 
415, 292 


It  should  be  further  noted  that  the  black  powder  was  restricted  to 
mines  not  containing  fire  damp. 
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STORAGE  or  EXPU3SIVES, 

Beg;uUtionM  piveming  the  storage  uf  *^x|)losives  for  use  in  cotl 
mlfiaii  are  in  general  effect  in  European  coBUproilucing  countries,  and 
provide  thiii  no  explosire  substance  s^liall  he  stored  in  the  min^,  tliat 
no  ©xplngive  shall  be  taken  into  a  mine  except  in  canbteiB  eontatnii 
not  more  than  5  pounds,  and  that  uo  «nuj4t*d  powder  shall  be  left  in 
mine  over  night>  The  amount  of  powder  in  the  possession  of  a  work- 
I  nan  at  any  one  time  is  also  limited^  and  the  anion  nt  which  can  be 
taken  into  a  mine  is  usually  rGstricted  to  that  which  ^411  be used  in  one 
:«hift, 

SHOT  FIRERS. 

Rei^lationA  enfortH'tl  in  Great  Britain  proride  that  in  all  mines  in 
which  inflammable  gas  is  present  or  has  been  found  in  dangerous 
quantities**  within  the  previous  tliree  months  all  charges  of  explosives 
^hall  be  fired  by  a  competent  person,  tenned  a  shot  firer.  The  object 
m  to  pitu'e  rt^ponsibility  in  the  liand.^  of  men  better  qiialifie^i  for  the 
work  than  the  average  miner.  The  shot  firer  begins  his  work  after  the 
miners*  have  k'ft  for  the  day,  each  miner  before  leaving  having  pre- 
pared a  number  of  holea  in  such  places  as  he  wishes  charges  to  be  fired. 
The  ithot  firer  charges  tlic  holes  with  explosive  and  tamps  and  fires  the 
charges. 

Tt  will  be  seen  that  by  this  method  the  charges  are  fired  at  a  time 
when  but  few  men  are  in  the  mine,  and  that  accordingly,  if  a  fire- 
damp explosion  occurs,  fewer  lives  are  lost  than  if  the  miner  fired  the 
shots  at  a  time  when  other  miners  were  in  the  workings. 

Still  another  factor  of  greater  importance  is  that  the  shot  firer, 
through  constant  experience,  soon  becomes  used  to  the  proper  use  of 
explosives,  and  also  learns  to  charge  the  holes  and  fire  them  in  the 
safest  way  possible.  The  shot  firer  is  also  free  from  the  temptation  to 
use  excessive  charges  in  the  desire  to  get  out  a  great  amount  of  coal 
with  the  least  possible  effort.  It  is  well  kno\vn  to  all  persons  expe- 
rienced in  coal  mining  that  overcharging  of  holes  and  mining  by 
means  of  large  shots  fired  in  the  solid  mass  of  the  coal  bring  about 
many  fire-damp  and  coal-dust  explosions. 

At  the  present  time  several  electrical  shot-firing  devices  are  being 
tested,  with  some  promise  of  effecting  a  considerable  saving  of  life. 
The  main  principle  of  these  devices  is  the  firing  of  the  charges  one 
after  another  at  proper  time  intervals.  As  already  stated,  the  firing  of 
the  charges  takes  place  after  the  miners  have  left  for  the  day,  and  the 
entire  operation  of  the  devices  is  automatic.  It  is  of  course  necessary, 
after  the  charges  are  fired,  to  have  some  one  examine  each  room  in 
which  a  shot  has  been  fired  to  see  that  conditions  are  normal,  and  that 
no  feeders  of  gas  have  been  ignited  which  might  start  a  mine  fire.  The 
use  of  shot-firing  devices  or  some  other  means  equally  safe  is  required 
by  regulation  in  Great  Britain. 
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MATERIALS  USED  FOR  TAMPING. 

The  use  of  drill  dust^  slack  coal,  or  other  inflammable  material  for 
tamping  is  forbidden  in  European  coal-producing  countries,  it  having 
been  found  that  gas  and  coal-dust  explosions  are  more  likely  to  occur 
when  such  materials  are  used.  The  laws  of  Great  Britain  compel  the 
use  of  clay  or  like  substance  for  tamping.  The  material  is  delivered  to 
the  miner  near  the  working  place. 

WATERED  ZONES. 

The  watering  of  the  sides  and  roof  of  coal-mine  passageways  has  been 
found  to  be  of  material  benefit  in  preventing  local  ignitions  of  coal 
dust  from  becoming  general.  The  watering  prevents  the  coal  dust 
from  being  stirred  up  by  a  small  explosion,  and  the  reduction  in  the 
explosive  properties  of  the  wet  coal  dust  has  the  general  effect  of  pre- 
venting an  explosion  from  traveling  into  other  workings.  As  dust 
explosions  gain  in  destructive  effect  the  farther  they  travel,  it  is  be- 
lieved that  the  thorough  watering  of  zones  greatly  reduces  the  destruc- 
tive effect  of  such  explosions. 

The  watering  is  effected  by  means  of  sprinkHng  or  spraying  devices 
of  various  kinds.  Specially  constructed  nozzles  are  in  use,  particu- 
larly in  Germany,  which  produce  a  fine  spray  or  mist  by  means  of 
water  imder  pressure,  so  that  the  air  is  thoroughly  moistened. 

An  English  commission  has  lately  pointed  out  that  sprinkling  may 
produce  a  local  weakening  of  the  walls  in  some  places,  and  the  possi- 
bility of  a  sHght  increase  in  falls  must  accordingly  be  weighed  against 
the  advantages  given  by  the  protection  from  dust  explosions. 

AID  TO  THE  INJURED. 

The  mining  regulations  of  Germany,  France,  and  Belgium  require 
that  mines  shall  be  supplied  with  means  for  administering  to  the 
comfort  of  injured  workmen  and  that  propter  appliances  shall  be  pro- 
vided for  first  aid. 

Rescue  devices  equipped  with  small  tanks  of  compressed  air  or 
compressed  oxygen,  or  with  some  chemical  appliance  for  generating 
a  supply  of  oxygen,  so  as  to  enable  a  person  to  enter  mine  workings  in 
which  an  irrespirable  atmosphere  is  present,  are  required  in  some 
coimtries.  By  the  aid  of  such  apparatus  rescue  parties  may  enter  the 
mine  workings  immediately  after  a  fire-damp  disaster  and  rescue  in- 
jured miners,  who  would  otherwise  soon  fall  victims  to  the  poisonous 
atmosphere  surrounding  them.  Mine  fires  started  by  the  ignition  of 
feeders  of  fire  damp  may  be  brought  under  control  much  more  easily 
when  unmediate  eflForts  are  made  to  combat  them  by  men  equipped 
with  rescue  devices. 
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ENFORCEMENT  OF  REGULATIONS. 

Ill  all  Europt^aii  countries  tluA  cnfon'cnient  oi  re^jlations  in  re^nrd 
to  coal-mine  Dj^jerations  is  placed  in  tin*  haruls  of  specially  appointed 
officers  or  mine  inspectors  familiar  witli  the  industry  and  able  to 
examine  mininj^  conditions  intelli)^rktly  and  st^  that  the  mining  laws 
are  obeyed. 

To  insure  compliance  ^4th  tlie  regulations,  penalties  are  provided 
in  case  of  noncompliance,  and  theses  jK'naltios  fall  on  the  miner  or 
Hio  ijperator,  or  both,  according  to  tho  nature  of  the  \nolation.  An 
inj unction  restraining  the  further  operation  of  a  tmiie  until  the  laws 
have  been  obeyed  is  a  furtlier  means  in  tho  hands  of  the  mine  in* 
spector  for  insuring  the  enforcement  uf  the  law  when  the  step  ia 
found  necessary. 

STUDY  OF  MINING   CONDITIONS. 

England,  Germany,  and  Belgium  maintain  experiment  stations 
where  explosives  are  tested  anil  where  safety  lamps,  rescue  appliauees, 
and  all  other  devices  for  use  in  mines  may  be  examined.  In  Franea 
similar  work  is  done  by  eommissions  wlxLeh  are  appointed  frmn  I  ime 
to  time,  and  in  other  European  countries  there  are  permanent  sta- 
tions. It  has  already  been  pointed  out  in  tins  paper  that  eoneur- 
rently  with  the  establishment  of  the  experiment  sfatinn,  luinp  <'ondi- 
tions  begin  to  show  the  improvement  that  is  so  marked  a  feature  of 
the  statistics  here  presented.  Safety  lamps  greatly  superior  to  those 
previously  in  use  were  manufactured  as  soon  as  the  defects  of  the 
earlier  forms  were  pointed  out  at  the  experiment  stations,  and  the 
development  of  improved  forms  of  rescue  appliances,  electrical  firing 
devices,  and  many  other  means  of  giving  increased  safety  to  mine 
workers  have  been  inseparably  connected  with  the  stimulus  given  by 
these  stations. 

Inventors  have  been  encouraged  by  the  knowledge  that  the  actual 
merits  of  any  improvement  they  might  make  could  be  determined 
at  the  testing  station,  and  at  the  same  time  mine  owners  have  been 
able  to  see  the  results  of  thorough  tests  of  all  new  devices,  and  to 
choose  types  of  safety  lamps,  rescue  appliances,  and  other  devices, 
with  a  full  knowledge  of  their  working  under  actual  mining  condi- 
tions. 

The  experiments  thus  made  have  been  of  general  l)enefit,  and, 
aside  from  reducing  the  death  rate  from  accidents  in  mines  to  a  ver}^ 
low  figure,  they  have  been  the  means  of  bringing  about  improve- 
ments in  operation  that  have  been  a  substantial  advantage  to  both 
mine  workers  and  mine  owners. 
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THE  BURNING  OF  COAL  WITHOUT  SMOKE 
IN  BOILER  PLANTS. 


By  D.  T.  Randall. 


INTRODUCTION. 

The  technologic  branch  of  the  United  States  Geological  Survey  has 
been  conducting  investigations  to  determine  the  best  method  of  utiliz- 
ing the  coals  of  the  United  States.  The  law  under  which  this  work 
has  been  carried  on  aims  to  increase  the  efficiency  and  to  prevent  the 
waste  of  these  fuels,  especially  such  as  are  used  by  the  United  States 
Government.  It  is  a  recognized  fact  that  the  more  nearly  perfect  the 
combustion  of  any  fuel  the  greater  is  its  efficiency.  AVith  perfect 
combustion  there  is  no  smoke.  In  view  of  the  need  for  more  complete 
informajtion  on  the  conditions  favorable  to  the  burning  of  coal  with 
economy  and  without  objectionable  smoke  in  boiler  furnaces,  extended 
tests  have  been  made  at  the  fuel-testing  plants  at  St.  Louis,  Mo.,  and 
Norfolk,  Va.  The  results  of  the  St.  Louis  tests  are  summarized  in 
the  present  paper,  which  has  l)een  prepared  by  the  author  as  engineer 
in  charge  of  smoke-abatement  investigations.  In  addition  to  this 
work  a  number  of  commercial  plants  in  the  larger  cities  have  been 
inspected  to  ascertain  what  are  the  best  methods  now  in  use,  and  the 
information  thus  obtained  will  be  published  in  a  later  bulletin. 

GENERAL    CONDITIONS    IN    THE    UNITED    STATES. 

The  prevention  of  objectionable  smoke  in  the  manufacturing  and 

business  centers  of  large  cities  is  a  problem  that  can  not  be  easily 

solved.     At  present   no  city  in   which   a   considerable  quantity   of 

bituminous  coal  is  burned  is  free  from  smoke.     The  cities  of  the  East 

have  avoided  this  problem  by  a  general  use  of  the  smaller  sizes  of 

anthracite  coal.     For  this  reason  it  is  not  surprising  that  the  greatest 

improvement  in  the  methods  of  burning  bituminous  coal  has  been 

made  in  the  Central  and  Western  States. 
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fl  THI3   BtTBNrNa   Of   COilj  WTPROUT  SMOKl. 

Stoves,  ranges^  house- lieu  ting  boilers*  and  hot-air  furnaces  are  as 
a  rule  intended  for  the  use  of  anthracite  coal  or  coke.  Wtienever 
bituminous  doal  is  burned  in  sut*h  furnaces  all  the  principles  of  com- 
bustion are  \nolated  and  smoke  results.  The  supply  of  anthnicite 
coal  is  limited,  and  excei>t  for  domestic  purposes  such  coal  is  little 
used  out.^lde  of  the  territory  Jidjacent  to  the  mines.  The  larger  cities 
of  the  Eastern  States,  which  consume  practically  all  the  available 
supply  of  the  smaller  sizes  of  anthracite  coal  for  power  and  h<?ating 
purposes,  now  find  it  nec^c^sary  to  sup|)leinent  this  fuel  with  a  con- 
siderable tonnage  of  bituminous  c*ofth  Except  the  power  generated 
by  waterfalls,  nearly  all  the  heat  and  power  ui^d  in  the  United  States 
Biiv  obtained  from  the  burning  of  comK  It  is  evident,  tlien,  that  for 
the  most  part  this  coimtry  must  depend  on  its  bituminous  coal  for 
manufacturing,  mil  road,  and  power- [)lant  purposes.  This  means 
that  we  must  improve  our  usual  metliods  of  burning  bituminous  coal 
or  continue  to  sutfei'  fi'om  the  loss  in  economy  and  smoke  resulting 
from  imperfect  combustion. 

Theie  are  now  three  general  methods  of  utilizing  coal- — in  st^am 
boiler  and  other  furnaces,  in  gas-producer  plants,  and  in  by-product 
coke  plants.  Of  these,  the  last  two  methods  are  readily  operated  to 
produce  heat  or  power  without  smoke,  but  at  the  present  time  such 
plants  are  not  numerous  and  consume  only  a  small  portion  of  the 
coal  that  is  used  in  this  country.  It  is  predicted  by  persons  who  are 
enthusiastic  regarding  the  economy  and  smokelessness  of  these 
methods  that  they  will  in  time  be  used  exclusively  for  the  prgduction 
of  heat  and  power  in  all  our  large  cities. 

It  has  been  demonstrated  at  the  fuel-testing  plants  of  the  Geological 
Survey  that  bituminous  coal  of  all  grades  can  be  burned  in  a  gas 
producer  without  smoke,  generating  a  gas  which  when  used  in  a  gas 
engine  furnishes  power  with  much  greater  economy  than  is  usual 
in  steam  plants.  AVith  good  grades  of  coal  mined  in  the  Eastern 
States  a  horsepower  can  be  generated  with  about  1  pound  of  coal. 
One  of  the  most  important  facts  in  connection  with  the  gas-producer 
plant  is  that,  besides  being  smokeless,  it  will  utilize  coals  so  high 
in  ash  as  to  be  unsuitable  for  boiler  furnaces.  The  lignite  coals  of 
the  West  are  also  particularly  well  adapted  for  use  in  the  producer, 
though  they  are  considered  much  inferior  to  bituminous  coal  for 
boiler  furnaces.  About  fifty  producer  plants  are  now  in  operation 
in  the  United  States,  burning  bituminous  coal.  Interest  in  such 
plants  is  increasing,  and  many  new  ones  are  being  planned,  ranging 
in  capacity  from  500  to  10,000  horsepower  each. 

That  the  coal  supply  is  being  wasted  in  many  ways  is  a  fact  that 
has  been  frequently  brought  to  the  attention  of  the  public.  One  waste 
results  from  the  ordinary  methods  of  nuuiufacturing  coke,  in  which 
all  of  the  gas  from  the  coal  is  allowed  to  escape  into  the  air.    This 
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loss  has  led  to  the  installation  of  a  few  by-product  coke  plants  in 
which  coke  is  made  and  the  resulting  gas  is  piped  to  points  where 
fuel  is  needed  and  there  consumed.  Other  valuable  pFoducts  from 
the  distillation  of  coal  are  also  obtained.  These  plants,  furnishing 
both  coke  and  gas  as  fuel,  constitute  a  considerable  factor  in  the  pre- 
vention of  smoke  in  the  cities  near  which  they  are  located,  as  both 
fuels  are  burned  readily  without  smoke  for  domestic  purposes  and 
for  manufacturing  industries  requiring  heat  or  power.  The  conven- 
ience and  cleanliness  of  these  fuels  will  probably  lead  to  an  increase 
of  their  production  and  use. 

It  is  reported  that  there  are  30  by-product  coke  plants  in  this  coun- 
try, with  a  total  of  more  than  3,000  ovens,  using  nearly  20,000  tons 
of  coal  a  day.  It  is  estimated  that  these  plants  manufacture  daily 
more  than  50,000,000  cubic  feet  of  gas.  The  following  are  some  of 
the  cities  near  which  they  are  located :  Chicago  and  Joliet,  111. ;  Mil- 
waukee, Wis. ;  Duluth,  Minn. ;  Detroit  and  Wyandotte,  Mich. ;  Ens- 
ley  and  Tuscaloosa,  Ala.;  Chester,  Dunbar,  Everett,  Lebanon,  Sha- 
ron, and  Steelton,  Pa.;  WTieeling,  W.  Va. ;  Buffalo,  Geneva,  and 
Syracuse,  N.  Y. ;  Cleveland  and  Hamilton,  Ohio. 

In  many  manufacturing  plants  furnaces  that  were  formerly  fired 
with  coal  are  now  using  crude  oil,  natural  or  manufactured  gas,  coke, 
or  coal  burned  on  automatic  stokers.  All  these  methods  are  giving 
good  results  in  preventing  smoke. 

CITY  ORDINANCES  FOR  SMOKE  PREVENTION. 

With  the  knowledge  that  it  can  be  prevented,  there  has  come  an 
increasing  demand  from  the  people  of  the  large  cities  that  smoke 
shall  not  be  allowed  to  pollute  the  atmosphere.  This  is  true  not  only 
of  the  United  States,  but  also  of  most  European  countries.  For  ex- 
ample, the  importance  of  burning  bituminous  coal  economically  and 
without  smoke  led  the  Prussian  government  some  time  ago  to  furnish 
traveling  instructors  at  an  expense  of  alx)ut  $10,000  a  year  for  the 
training  of  firemen  throughout  the  State,  licenses  being  given  to  com- 
petent firemen.  There  are  also  in  Prussia  a  number  of  boiler-super- 
vision societies,  which  employ  skilled  firemen  to  direct  the  work  done 
by  the  regular  employees  of  the  plants  owned  by  members  of  the 
society. 

.  In  nearly  all  cities  of  the  United  Staters  efforts  are  being  made  to 
abate  the  smoke  given  off  by  manufacturing,  steam-boiler,  and 
domestic  furnaces  in  which  bituminous  coal  is  burned.  As  a  result  of 
the  demands  of  the  public  the  ordinances  of  some  of  these  cities 
require  that  all  new  plants  be  ecjuipped  properly  and  that  old  ones 
be  remodeled,  and  permits  are  now  necessary  for  the  installation  of 
all  boilers  and  furnaces.    Most  ordinances  define  the  degi'ee  of  black- 


nesB  of  smoke  wliich  mn*iiitiitei^  a  violation  of  the  law.  In  girtieniK  it 
may  Im?  said  that  in  this  oountry  the  only  excu^  recogoized  for  liUii'k 
or  dcnnie  gvny  wniokt*  is  ihui  the  fin.^rt  nn^  lK*ing  built  or  cU*-nnocI,  but 
no  sueh  exonst*  is  valid  in  many  of  onr  I'ities*  The  conditions  in  a 
number  of  the  larger  eitie^  of  the  Unit^^d  States  tiv^  about  as 
follows : 

The  BttUiniojv  or^dinanoo  contains  a  clause  which  practically  tix- 
cepts  the  manufacturing  jjlsints  of  tlie  city.  CaseH  bmught.  into  eourt 
were  di.sinisf^tMl  on  artHMuU  <if  dt*f**t:tH  in  tlit*  ardinmiee,  arjd  an  attempt 
is  being  made  l>y  the  j^nioke* abatement  leaf<:ne  to  ^eeure  the  euaetment 
of  one  that  will  be  more  effeetive*  There  are  on  reeord  alxjut  nuo 
steam  phint.s  in  lialtiroore,  not  inehuliii^  healing  plaot-s.  Of  this 
nnn^i^er  only  V2  are  eqiuppe{l  with  aulonnitie  j^tokers. 

The  Butfalo  ordinHuee  \h  not  etlet^tivts  fl.s  it  simply  declan^s  the 
emission  of  large  <juantitieH  of  smoke  to  be  imlawfuh  In  addition  to 
tile  wcn^k  of  the  .smoke  in^^jjetlor,  active  ettortis  to  improve  the  nondi- 
tiontTi  have  l^een  made  by  Lbt^  Society  for  Beautifying  Buffalo* 

The  Chicag-o  oribnunre  makes  it  unlawful  to  permit  dense  smoke  to 
escape  from  any  furnace  except  fur  six  minute*?  of  eaeli  hour  during 
the  time  when  fires  are  being  started  or  cleaned*  Meuiber.s  t>f  the  City 
Club  of  Chicago  have  taken  un  active  interest  in  the  suppression  of  g 
smoke.  There  has  recently  l>een  a  reorganization  in  the  smoke  in-  ^J[ 
spector's  office  and  a  connnittee  of  engineers  has  been  appointed  to 
assist  and  advise  with  that  official.  The  following  is  a  partial  list  of 
the  equipment  installed  in  Chicago:  Plants  with  chain-grate  stokers, 
70;  with  overfeed  stokers,  40;  with  underfeed  stokers,  12;  w^ith  special 
hand-fired  furnaces,  40.  In  addition  to  these  there  are  many  small 
plants  equipped  with  steam  jets  and  other  aj)pliances. 

The  Cincinnati  ordinance  establishes  a  standard  for  density  of 
smoke  permitted  and  allows  a  period  not  exceeding  six  minutes  in  any 
hour  during  which  the  fires  are  started.  During  the  past  year  citizens 
of  Cincinnati  liave  fornu^d  a  smoke-al)atenient  league  and  by  public 
subscription  raised  a  fund  to  pay  the  salary  of  a  smoke  inspector  work- 
ing under  the  league's  direction.  The  city  smoke  inspectors  office  has 
been  reorganized  and  a  nunil)er  of  suits  regarding  fines  for  allowing 
stacks  to  smoke  are  pending  in  the  coui'ts.  Action  on  other  plants 
has  been  Avithheld  until  these  cases  arc  set  (led.  The  furnace  ecpiip- 
ment  in  Cincinnati  is  as  follows:  I)o\vn-<li-aft  furnaces,  DO:  other  fur- 
naces, 5;  inclined-grate  stokers  {(f)  side  feed,  11.*^:  {/>)  front  feed,  50; 
(c)  underfeed,  8J) ;  automatic  sleani  jets,  hand-  fired,  48;  steam  jets, 
not  automatic,  hand  fired,  1^47. 

The  Cleveland  ordinance  excepts  ])rivate  residences,  but  dense  gray 
or  dense  black  smoke  from  other  furnaces  is  declared  to  be  in  viola- 
tion of  the  law.  According  to  the  records  of  {\w  smolce  inspector's 
office  there  are  about  1,800  boilers  in  the  city,  e(iuipi)ed  as  foUow^s: 
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Funuive  equipment  in  Cleveland. 


Chain-grate  stokers 

Inelined-irrate  stokers 

Underfeed  stokers 

Down-draft  furnaces 

Automatic  steam  Jeta. . .  # 

Nonautomatic  steam  jets 

Min<'eIIaneous  devices,  Dutch  oyen»,  etc. 
Smokeless  coal  used  under 


Plants. 


200 

400 

170 

50 

40 
164 
34 

400 
125 

181 
110 
50 

500 

The  Detroit  ordinance  makes  it  unlawful  to  allow  dense  gray  or 
black  smoke  to  escape  from  any  chimney.  The  smoke  inspector  is 
assisted  by  a  committee  of  the  chaml)er  of  commerce,  and  good 
results  are  being  obtained.  It  is  reported  that  in  190()  the  following 
new  equipment  was  installed:  Mechanical  stokers,  108;  automatic 
smoke-prevention  devijL»es,  12;  steam  jets,  10. 

The  Indianapolis  ordinance  makes  the  production  of  dense  gray 

or  black  smoke  subject  to  a  penalty,  private  residences  being  exempt. 

The  efforts  toward  smoke  abatement  in  this  city  are  confined  to  the 

office  of  the  smoke  inspector.    According  to  that  official's  report  for 

the  year  ending  December  JU,  190C,  the  following  equipment  was 

in  use: 

Furnace  equipment  in  Indianapolis, 


Underfeed  stokers 

Inclined-grate  stokers 

Traveling-grate  stokers 

Down-draft  funiaces 

Smokeless  furnaces,  brick-an>h  constniction  . . 

Automatic  steam  jets- 

Total  number  of  boilers  in  operation,  reported 


Boilers. 


48 
100 

48 
5 
15 
65 
828 


Plants. 


10 

IH 
10 


At  present  there  is  no  effective  ordinance  in  Louisville  and  no 
smoke  inspector.  A  movement  has  been  started  by  a  number  of  citi- 
zens to  form  a  smoke-abatement  league  for  the  purpose  of  se(»uring 
the  passage  of  an  ordinance  and  the  organization  of  a  smoke-inspec- 
tion department.  Last  year  there  were  in  this  city,  in  addition  to 
the  hand-fired  plants,  13  plants  with  down-draft  furnaces,  11  with 
chain-grate  stokers,  18  with  inclined-grate  stokers,  and  4  with  under- 
feed stokers. 

Milwaukee  has  an  effective  ordinance  and  the  smoke-inspection  de- 
partment is  doing  a  considerable  amount  of  educational  work  among 
the  manufacturers.  The  inspector  reports  that  during  1905  the  fol- 
lowing installations  were  made:  Underfeed  stokers,  32;  chain-grate 
stokers,  2;  inclined-grate  stokers,  15;  down-draft  furnaces,  6;  auto- 
matic steam  jets,  44;  total,  IM). 

The  ordinance  of  Xew  York  City  makes  no  exception  and  provides 
a  penalty  for  the  emission  of  dense  black  smoke  from  any  furnace. 
The  smoke-abatement  committee  has  been  aueiVv^  m  \iY\w^\^^  <^V 


TH^  bur: 


fendei's  agaiust  the  law  into  court,  and  a  muiibpr  of  |>n%vor  plants 
are  installing  additional  eqnipmc^nt  to  comply  with  the  smoke  onll- 
nanre.  In  this  ciiy  V2,2i)()  sUitinniiry  liuih*rs  luv  on  record,  but  there 
is  no  I'ecord  of  the  furnares  and  eqnijinient.  It  is  i*epoiied,  however, 
that  there  are  20  plant h  equipped  with  stoktn's  of  the  r overfeed  type 
and  2  with  Nlokerw  <>f  the  uruh^rfL*ed  type.  Many  of  these  stoker 
plants  are  exceptionally  large. 

The  Pliiladelphia  ordinance  declares  the  emission  of  smoke  of 
l^reater  den^iity  that  tht*  eMtablished  standard  unlawful,  except  from 
locomotives  or  ste4im  craft  standing  with  banked  fires,  or  during  a 
peri  Of  I  of  ten  consecutive  niinutas  wdieti  fii'cs  may  lje  in  proc^ess  of 
being  cleaned  or  started.  Exception  is  also  made  of  river  craft  in 
continuous  transit  through  the  city.  The  smoke-inspection  depart- 
ment is  a.msted  liy  the  elforts  of  the  citizeriisi"  committee,  which  hm 
been  active  in  creating  a  piildic  senUment  in  favor  of  smoke  almte- 
ment.  The  number  of  boilers  in  the  entire  cityj  as  reported  by  the 
chief  inspector,  is  8,194,  of  which  2J32  are  Tising  soft  coaL  Th^ 
number  of  stokers  and  appliances  for  abating  smoke  is  220. 

Tlie  Pittsburg  ordi nance  declares  that  tlie  production  of  dense 
hlaek  or  dense  gray  smoke,  except  from  private  residenc-es,  is  nnlaw- 
fid^  but  while  a  new  fire  is  l:)eing  started  or  the  fires  are  being 
cleaned  such  smoke  is  allowed  lor  a  period  of  eight  minutes  in  any 
hour. 

The  St.  Louis  ordinance  provides  a  penalty  for  allowing  dense 
smoke  to  escape  into  the  air.  According  to  this  ordinance  it  is  a 
good  defense  if  the  person  charged  with  the  violation  shall  show  to 
the  satisfaction  of  the  jury  or  of  the  court  that  there  is  no  practi- 
cable device,  appliance,  means,  or  method  by  which  the  emission  of 
dense  smoke  could  have  betui  prevented.  St.  Louis  has,  in  addition 
to  its  smoke-inspection  department,  a  smoke-abatement  committee 
maintained  by  the  Civic  League.  According  to  the  rei)ort  of  the 
smoke  inspector  for  lOOO,  there  were  in  the  city  plants  with  the 
following  furnace  equipment:  Steam  jets.  550  plants;  down-draft 
furnaces,  2i)4:  plants;  fire-brick  arches,  etc.,  50  plants;  automatic 
stokers,  19  plants. 

An  ordinance  has  recently  been  passed  in  Toledo,  and  the  smoke 
inspector  is  making  an  ell'ort  to  cooi)erate  witli  the  owners  of  plants 
in  the  suppression  of  smoke.  Tlie  ordinance  nialci^s  an  exception  of 
private  residences,  dense  gray  or  l)laek  smoke  from  all  other  fur- 
naces being  a  violation  of  the  law. 

The  law  governing  the  abalenient  of  smoke  in  Washington  and  the 
District  of  Columbia  makes  an  exception  of  ])rivate  residences,  but 
provides  a  penalty  for  dense  gray  or  black  smoke  from  all  other 
sources.  The  law  is 'rigidly  enforced  and  there  is  but  little  smoke 
from  bituminous  coal. 
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THE    PRODUCTION    OF    SMOKE. 

The  term  smoke  as  used  in  this  paper  refers  to  chimney  gases  that 
contain  snxall  particles  of  unconsumed  carbon,  which  give  the  gases 
a  dark  color.  Smoke  may  be  of  any  degree  of  blackness,  but  what 
some  persons  would  call  smoke  is  not  considered  smoke  by  others. 

Smoke  is  due  to  a  lack  of  air  at  the  proper  temperature  at  the  point 
where  the  volatile  gases  should  be  burned,  the  result  being  that  these 
gases  are  only  partly  burned  and  the  carbon  is  set  free.  The  density 
of  smoke  is  measured  in  many  ways,  but  the  most  satisfactory^  at 
present  is  by  means  of  the  Ringelmann  charts.  These  charts  are  made 
by  drawing  black  lines  at  right  angles  on  a  white  background.  Tlie 
lines  are  so  spaced  as  to  give  the  effect  of  diflFerent  percentages  of 
blackness  when  placed  at  a  distance  of  about  50  feet  from  the  observer. 
The  charts  are  numbered  1,  2,  3,  4,  and  5,  and  represent,  respectively, 
20,  40,  60,  80,  and  100  per  cent  of  black  smoke.  As  a  matter  of  fact, 
anything  but  a  clean  stack  will  result  in  a  smoky  atmosphere.  If  a 
stack  continuously  emits  a  small  amount  of  smoke,  it  may,  during  the 
course  of  the  day,  have  given  off  as  much  carbon  and  have  had  as  bad 
an  effect  as  another  stack  which  has  been  clear  most  of  the  time,  but 
which  for  three  or  four  periods  of  five  minutes  each  has  emitted  a 
dense  black  smoke.  In  localities  where  bituminous  coal  is  burned 
exclusively  a  plant  is  considered  good  if  the  average  blackness  is 
equivalent  to  5  per  cent  or  less. 

The  following  information,  taken  from  the  report  of  the  committee 
for  testing  smoke-preventing  appliances,  Manchester,  England  (see 
p.  24),  is  of  interest: 

Observations  were  made  for  an  entire  day  on  179  chimneys.  The  general 
averages  of  these  stacks  gave  the  equivalent  of  black  smoke  102  minutes  in  10 
hours.  The  averages  for  the  individual  stack  varied  from  the  equivalent  of 
black  smoke  for  423  minutes  in  the  worst  to  4  minutes  in  the  best.  The  relative 
amount  of  the  smoke  from  different  kinds  of  eciuipmeut  may  be  taken  as  follows : 

Average  of  36  hand  fires  with  air  admission,  81  minutes  in  10  hours;  average 
of  10  hand  fires  with  air  admission,  good  firing,  40  minutes;  average  of  4 
sprinkling  stokers,  about  103  minutes  in  10  hours ;  average  of  21  coking  stokers, 
about  16  minutes  in  10  hours ;  best  coking  stokers,  about  4  minutes  in  10  hours. 

Coking  stokers  show  best  economy  as  well  as  prevention  of  smoke. 

Sheffield  Association  suggest  that  the  i>erm!ssible  limit  of  smoke  emission 
should  vary  with  the  number  of  boilers  as  follows :  For  1  boiler,  2  minutes  per 
hour;  for  2  boilers,  3  minutes  i)er  hour;  for  3  or  more  boilers,  4  minutes  i>er 
hour. 

The  following  are  reasons  why  furnaces  sometimes  smoke : 

1.  The  furnaces  and  the  grates  are  not  properly  designed  to  burn 
the  coal  available.  There  is  almost  no  equipment  on  the  market  that 
will  handle  equally  well  all  the  fuels  found  in  the  United  States. 

2.  There  is  a  lack  of  sufficient  draft. 

3.  The  firemen  are  unskilled. 
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4,  There  is  not  enou|?h  com  bust  ion  spaa?. 

5,  Wood,  piiper,  tiiut  oiUi*r  refu^i^  arc  burned. 
6-  The  load  is  changt*d  quickly. 
7,  Excessive  overloads  are  maintained. 

TIIE  PREYEKTION  OF  SMOKB  IK  BDILEIl  T* Jj  OfTS, 

FEASIBILITY. 

Within  the  laKt  fow  yeai's  lln^rt*  lias  boon  u  rcmarkaljle  development 
in  the  utilizalion  of  eoal  lunler  ihv  ?Hleaiu  Imiler,  To-day  many  t:iteain 
power  jjlants  in  the  United  Stalets  «it*  burning  iHtrirninons  eoal  prae- 
rically  without  smoke.  Tins  ban  lieen  broiitrlit  aliont  by  improving 
the  de.sigii  of  the  furnaces  and  l>y  eareful  attention  on  tlie  pari  of  the 
fireman. 

It  is  now  possihh*  to  dcsi^i  and  operate  I>oiU^r  plants  burning  a 
high -volatile  coal  whicfi  will  in*  pruetieally  suioktdcss  uihU*!"  usual 
oi>erating  conditions,  ^iviuf?  off  uo  black  or  dense  gray  gmoke  <*xcopt 
when  a  fresh  fire  is  t)eing  built.  liankin*^  llie  fire,  shuttin*^  danipei*H, 
etc.,  causes  smoke  of  a  light  or  gray  shade  only.  This  has  l>tn>ii 
demonstrated  at  the  engineering  i*xperinieiit  station  of  the  tJnivei*sity 
of  Illirjf?is,  where  a  boiler  has  reeejitly  l>tH*n  instaHed,  proj>erly 
equippe*!  with  a  fnriiaee  for  burning  IllinoiH  coal,  ITnder  onlinury 
coiidititmHi  this  plant  makes  no  hiuoK^<'  whatever.  This  f^quipinent  is 
not  suitable  for  burning  low-volatile  coals  such  as  are  largely  used 
in  the  East.  In  experimenting  with  this  furnace  an  effort  was  made 
to  produce  smoke,  but  it  was  found  impossible  to  make  black  smoke, 
the  w^orst  being  about  50  per  cent  black. 

A  number  of  large  commercial  plants  having  properly  designed 
furnaces  are  now  operating  daily  without  smoke  in  many  of  our 
larger  cities.  Ive})()rts  on  some  of  these  j)lants  inspected  by  engineers 
connected  with  the  techn()h)gic  branch  will  be  published  in  a  subse- 
quent bulletin. 

THE   PRINCIPLES   OF   SMOKELESS   COMBUSTION. 

Coal  can  be  burned  smokelessly,  the  same  as  gas,  gasoline,  or 
kerosene  oil,  if  the  equi])mcnt  is  ])r()perly  designed  and  adjusted. 
Each  of  these  fuels  will  give  oil'  smoke  if  conditions  ijre  not  favor- 
able. All  the  authorities  on  the  subject  of  combustion  and  smoke 
prevention  agree  upon  the  following  conditions  as  iHHjuirements  for 
a  smokeless  furnace : 

1.  The  coal  should  l)e  supi)lie(l  to  tlu»  furnace  in  small  (juantities 
at  frecjuent  intervals.  The  more  n(MU-ly  tin*  feed  ai)[)roaches  a  con- 
tinuous and  uniform  sui)ply  tin*  Ix^ttcr  the  results. 

2.  The  air  supply  should  b(»  slightly  in  excess  of  the  theoretical 
amount  recjuired  and  lie  a<lmitte(l  princii)ally  tlnouuli  the  fuel  bed, 
Avith  an  auxiliary  su]q)ly  admitted  at  the  front  or  rear  of  the  furnace 
to  burn  f^nses  from  the  coal. 
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3.  The  temperature  in  the  furnace  should  be  sufficiently  high  to 
ignite  the  gases  given  oif  from  the  fuel  bed. 

4.  There  should  be  a  fire-brick  combustion  chamber  of  sufficient 
dimensions  and  so  designed  as  to  cause  the  thorough  mixture  of  the 
gases  and  air,  permitting  complete  combustion  before  the  mixture 
reaches  the  boiler  surfaces. 

Much  has  already  been  written  on  the  theory  and  chemistry  of 
combustion.  "  Steam-boiler  economy,"  by  William  Kent,  and  "  Steam 
boilers,"  by  Peabody  and  Miller,  are  both  good  works  on  this  subject. 
(See  p.  23.) 

It  has  been  found  in  this  country,  as  well  as  in  Europe,  that  Avlien 
smoke  is  given  off,  there  is  also  a  loss  of  carbon  monoxide  (CO)  and 
other  combusi-ible  gases.  The  loss  due  to  the  carbon  which  we  see 
and  call  smoke  is  seldom  more  than  1  per  cent,  but  the  loss  due  to  the 
escape  of  the  combustible  gases  may  amount  to  an  additional  3  to  10 
per  cent. 

The  steam-engineering  section  of  the  technologic  branch  has  found, 
as  have  other  investigators,  that,  contrary  to  general  opinion,  with 
extremely  high  temperatures  more  smoke  is  produced  and  more  un- 
burned  gases  are  lost  up  the  stack.  High  temperature  is  of  course 
due  to  a  supply  of  air  approaching  the  theoretical  amount,  and  on 
account  of  the  difficulty  of  obtaining  a  complete  mixture  of  the  gases 
and  air  some  gas  is  allowed  to  escape  unburned.     (See  Table  1.) 

The  combustible  gas  most  freciuently  found  in  the  flue  gases  is  car- 
bon monoxide  (CO).  This  gas  is  nearly  always  present  when  the 
stack  gives  off  black  smoke,  indicating  imperfect  combustion.  Hy- 
drogen and  hydrocarbon  gases  may  also  be  expected  in  connection 
with  the  CO,  but  on  account  of  the  difficulty  of  determining  the  small 
percentages  of  these  gases  they  are  seldom  recorded,  though  the  loss 
due  to  their  escape  is  considerable.  In  confirmation  of  these  state- 
ments, the  accompanying  tables  are  submitted.  •  Table  1  gives  a  sum- 
mary of  the  relation  of  smoke  to  unburned  gases  and  combustion- 
chamber  temperatures  as  determined  from  more  than  200  boiler  tests 
made  at  the  St.  Louis  fuel-testing  plant. 

Tablk  1. — Relation  of  iftmokc  io  CO  and  combust ion-vhamhrr  trmperaturcs. 
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•Temperatures  in  combustion  chamber  were  not  determluiid  ou  'aVV  Vvi^^-a, 
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TablB  2,  from  tht^  Mruichcster  roport  (see  p.  2^4),  gives  aiialy^\s  of 
chimney  gases,  including  *letenniiifttion^  of  bytirogen  (H)  and 
methane  (CHJ,  which  occur  in  small  percentages* 

Tabls  2. — Annlysm  of  chimneif  ffases. 
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Tnhle  8,  rompiletl  from  results  obtained  at  the  fiiel- testing  plant, 
nhows  that  the  Uxswes  dut»  to  the  est'ape  of  CO  and  other  combust ible 
ga^ses  may  be  considerable  and  that  they  are  of  more  nnportance  than 
the  gain  from  a  corresponding  increase  in  carbon  dioxide  (CO;.).  It 

is  evident  (liat  tlic  prevention  of  smoke  nnd  the  efticiency  of  the  plant 
are  very  closely  related. 

Calculations  showing  the  theoretical  losses  due  to  the  presence  of 
combustible  gases  in  the  flue  gases  have  been  made  and  the  results 
published  in  "A  study  of  four  hundred  steaming  tests."  ** 

Table  3. — Relation  of  CO  to  efficiency. 
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"  For  discussion  of  efTiciencv  71**  see  A  studv  of  four  hundred  steaming  tests  :  Bull. 
U.  S.  (Jeol.  Survey  No.  :i'2o,  15)07. 

PROPER  FURNACE  EQUIPMENT. 

Numerous  inventions  for  preventing  smoko  have  been  made,  based, 
according  to  the  inventors,  on  the  recognized  principk^s  discussed  in 
the  foregoing  section.  Most  of  them  have  not  been  properly  designed 
to  meet  the  severe  service  to  which  a  boiler  furnace  is  subjected. 


"Bull.  U.  S.  Geol.  Survey  No.  'A'2:>,  11M)7,  pp.   100 -101. 
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The  proper  design  of  the  furnace  and  settings,  inchuling  the  breech- 
ing and  stacks,  is  a  subject  of  much  dispute.  All  authorities,  how- 
ever, agree  that  suflScient  air  must  be  admitted  to  allow  complete  com- 
bustion. This  means  that  ample  draft  must  be  provided.  Stacks 
less  than  125  feet  high  are  usually  unsatisfactory,  but  steam  or  elec- 
trically driven  fans  are  now  very  commonly  used  to  produce  eitlier 
forced  or  induced  draft  in  connection  with  stacks  shorter  than  would 
otherwise  be  required. 

Provision  should  be  made  for  the  admission  of  air  above  the  fuel 
bed.  It  is  also  now  generally  conceded  that  there  should  be  a  fire- 
brick chamber  of  sufficient  length  to  allow  time  for  the  gases  and  air 
to  mix  and  burn.  -Numerous  observations  made  on  power  plants  show 
that  it  takes  an  average  of  twelve  seconds  for  the  gases  to  pass  from 
the  furnace  to  the  top  of  a  stack  125  feet  high.  This  allows  but  one 
second  for  combustion  to  take  place  before  the  gases  leave  the  combus- 
tion chamber.  These  conditions  have  been  so  successfully  met  in  some 
plants  as  to  permit  the  use  of  low-grade  coal  without  the  production 
of  objectionable  smoke.  These  plants  are  few  when  compared  to  the 
total  number  in  operation,  but  they  indicate  the  possibilities  of  secur- 
ing practically  perfect  combustion. 

In  general,  furnaces  designed  for  burning  coal  may  be  divided  into 
two  general  classes,  as  follows: 
I.  Those  into  which  coal  is  shoveled  at  intervals  by  hand : 
(a)   Plain  or  rocking  grates,  with  no  fire-brick  arch. 
(&)   Same  as  «,  with   steam   jet   under  a   small   combustion 
space. 

(c)  Plain  or  rocking  grates,  with  a  fire-brick  arch,  large  com- 

bustion space,  and  provision  for  admitting  air  over  the 
fire  either  at  the  front  or  at  the  bridge  wall. 

(d)  Plain  or  rocking  grates,  with  large  or  small  combustion 

chamber  and  with  or  without  fire-brick  arch,  equipped 
with  steam  jets  and  air-admission  dampers  which  close 
automatically  after  each  firing. 

(e)  Combinations  of  any  two  or  more  of  the  above. 

(/)  Down-draft  furnaces,  consisting  of  two  grates,  the  upper 
one  of  water  tubes  to  prevent  its  destruction  by  the  heat, 
and  the  lower  one  like  the  common  hand -fired  grate. 
The  fire  is  built  on  the  upper  grate,  and  coal  is  fed  or 
shoveled  on  top  of  the  fire.  The  furnace  is  so  arranged 
that  the  gases  and  flame  pass  down  through  the  upper 
grate  and  over  the  lower  one,  on  which  a  fire  of  coke, 
supplied  from  the  upper  grate  is  maintained. 
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II,  Those  to  wliich  c(ml  is  fed  rrititiDuousIy  by  an  aiitonistic  device: 
{{/)   Powilei*etl*c<ial   devic«fs,   in   whicli   piirticles  of  eual  are 
thrown  or  blown  into  tbe  f]iniii€e  and  burn*Hi  lioforu 
n*aching  tlie  bottom  of  the  camhitstioti  chamber*  wliieh 
uHLst  be  of  fire  brk*L' 
(A)  Sprinkling  stokei's,— I)«^^*iceji  for  nutomaticallj   feotliiig] 
and  ilistributing  small  si^es  of  €oal  an  evenly  as  [k>^11i1g 
over  the  entire  ^att*  Kinfaee.     AiUomatie  shaking  ginte 
are  usually  in^talle<l  with  this  upparatu!^. 
(i)  Cokinf2[  sUikens: 

1,  Oveifeeil  Ktokerw,  in  which  the  coal  is  fe4  continu' 
oUBly  and  coktnl  undtT  a  fire-bFiclc  arch.     Special! 
proYision?*  are  nvatle  t^  admit  air  to  mix  with  thel 
vt>latile  ga^^.     These?  may  Iw  further  subdivided  J 
into  fiTint-feed  and  side-f«*ed  stokers. 

2,  Traveling  chain-|n*ate  stokers,  in  which  the  coal  li 
fed  at  the  fnnit  under  a  firebrick  arch  and  th(s| 
entitle  siirface  of  the  gate  moves  toward  the  brid| 
wall  at  a  nite  which  allows  all  the  coai  to  be  coti« 
sumech 

3,  Underfeed  stokers,  in  which  the  coal  is  automatically^ 
"     fed  rd   frcr|uerit   intervnls  beneath  the  bed  nf  hut 

fuel,  air  is  forced  through  the  burning  coal  by 
means  of  a  fan,  and  as  the  volatile  gases  are  given 
off  from  the  fresh  coal  they  mix  with  the  air  and 
pass  up  through  the  fire.  Under  favorable  condi- 
tions combustion  is  completed  within  a  short  dis- 
tance from  the  surface  of  the  fuel  bed. 


DIFFICULTY    IN    SECURING    PERFECT    COMBUSTION. 

With  so  great  a  variety  of  furnaces  to  choose  from  it  seems  at 
first  thought  that  there  should  be  no  difficulty  in  abating  smoke.  It 
is,  however,  difficult  to  construct  a  furnace  that  will  be  smokeless 
under  any  and  all  conditions  of  operation.  Some  furnaces  now  in 
operation  are  practically  so,  conforming  to  every  requirement  out- 
lined for  smokeless  combustion,  but  tliere  is  no  type  of  grate  or 
stoker  on  the  market  to-day  which  does  not  give  ofT  offensive  black 
smoke  in  some  of  the  plants  in  which  it  is  installed.  This  may  or 
may  not  l)e  due  to  faults  in  the  furnace.  Tt  may  be  due  to  h\ck  of 
combustion  space  or  to  iinpro|)er  lian<lling. 

The  efficiency  of  the  furnace  and  the  degree  of  success  attained  by 
any  equipment  in  the  i)re  vent  ion  of  smoke  de})end  on  the  following 
factors:  Skill  of  the  fireman.  i)roprr  design  of  tlie  furnace  and  boiler 
setting,  character  of  the  coal,  capacity  of  the  boilers  and  furnaces, 
and  load  carried. 
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The  skill  of  the  fireman  is  the  most  important  element  in  connec- 
tion with  the  ordinary  equipment.  As  a  matter  of  fact,  the  personal 
element  is  the  greatest  hindrance  to  progress  in  the  abatement  of 
smoke.  Both  the  owner  and  the  fireman  must  be  interested  to  obtain 
the  best  results.  Intelligent  supervision  in  the  boiler  room  to  secure 
proper  air  admission  and  care  in  firing  will  result  in  the  saving  of  the 
losses  due  to  smoke  or  unconsumed  gases  and  to  heating  an  excessive 
amount  of  air.  At  many  plants  such  supervision  has  reduced  the  coal 
bills  by  5  to  20  per  cent,  depending  on  the  coal  and  the  methods  for- 
merly in  use. 

It  is  a  generally  conceded  fact  that  intelligent  men  trained  in  boiler- 
room  practice  could  save  10  per  cent  of  the  fuel  used  in  50  per  cent 
of  the  plants  of  the  United  States,  and  that  in  another  25  per  cent  of 
the  plants  such  men  could  save  5  per  cent  of  the  fuel.  It  is  the  prac- 
tice of  nearly  all  large  power  plants  to  employ  a  boiler-room  expert, 
and  many  of  them  have  chemists  who  make  frequent  test^  and  investi- 
gations to  determine  the  conditions  favorable  to  the  best  economy. 
The  saving  of  only  a  small  percentage  of  the  coal  consumed  will  make 
a  handsome  return  for  the  cost  of  the  experimental  work.  There  are 
now  in  a  few  of  our  larger  cities  competent  engineers  who  are  making 
a  specialty  of  supervising  boiler  plants  for  a  number  of  firms. 

A  few  examples  of  carelessness  and  indifference  on  the  part  of  fire- 
men will  in  a  measure  explain  why  many  persons  are  skeptical  re- 
garding the  value  of  mechanical  stokers  and  other  smoke- preventing 
devices. 

At  a  plant  which  had  a  smoke-preventing  device,  but  which  was 
smoking,  the  fireman  said  a  connecting  chain  had  been  broken  for  sev- 
eral days  and  he  "  didn't  have  time  to  bother  with  it."  It  would  not 
have  required  more  than  ten  minutes  to  join  the  two  ends  with  wire 
for  a  temporary  repair.  In  another  plant  the  fireman  said :  "  The 
thing  takes  too  much  steam,  and  I  shut  it  off."  Many  other  cases  of 
willful  neglect  have  been  observed. 

Very  few  firemen  can  be  induced  to  fire  regularly  and  frequently, 
because  it  is  easier  to  put  in  enough  coal  to  last  twenty  or  thirty 
minutes  at  one  time  and  have  little  or  nothing  to  do  in  the  interval 
between  firings.  In  one  instance  the  engineer  took  occasion  to  meas- 
ure the  draft  between  the  grates  before  and  after  firing  on  a  down- 
draft  furnace  which  had  a  good  draft.  The  draft  before  firing  was 
0.35  inch  of  water,  but  after  the  fireman  had  thrown  on  63  shovelfuls 
of  coal  the  flow  of  air  was  so  seriously  retarded  that  the  draft  in- 
creased to  0.62  inch.  Great  volumes  of  smoke  were  given  off,  indicat- 
ing this  lack  of  air. 

Professor  Benjamin,  in  his  paper  on  smoke  and  its  abatement  (see 
p.  23),  speaking  of  steam  and  air  jets,  expressed  himself  as  follows: 
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"'  It  is  a  very  effective  methoil  of  snioke  prevention,  and  is  used  very 
largely  in  Cleveland*  I  have  not.  pven  it  very  much  weight  in  my 
pajicr,  because  it  ilepemiH  so  much  upon  the  individuality  of  the  en- 
gineer and  Orenian.  1  Imve  found  that  men  who  use  thut  mcaiiH  had  j 
to  tw  watched  ^*  (continually  ant  I  reprimanded  so  much  that  I  got  out 
of  patience  with  that  sort  of  prevention/' 

Diffileultief^  tin*  nlso  eneouiUt*ved  with  stokei's.    One  of  the  greatest" 
troubles  18  the  tenderjcy  of  the  firenuin  ti>  |M>ke  the  RrvfS  unnecessarily 
jtiHteiid  of  using  or  adjust  in  *»:  tlie  attachjnent.s  provided  for  feA>ding 
and  handling  tlie  eoaL     In  many  plants  where  it  is  possible  they  will 
shovel  greiui  coal  inti)  the  stokers,  instead  ut  feeding  it  through  the  1 
hopper,  and  then  take  a  bar  and  fitir  up  the  fRvsh  coal  with  the  coke  | 
and  as^hes,  causing  smoke  and  wasting  tht*  ccmh 

It  is  not  an  uJKonunou  experience  that  on  ingpeclion  the  boiler^ 
tul)e?5  are  found  to  1k5  coveted  with  si-alt*  on  one  side  aud  soot  on  the 
t  a  lien     One  plaut   with  nearly   1,000  hnive  power  had  soot  hanging 
from  the  surfact*s  <jf  the  tuljes,  and  on  inquirv  it  developed  that  thewi^s 
tuljes  had  not  been  cleaned  for  a  period  of  four  months,  no  cleaning | 
having  l>een  done  since  the  ticw  master  mechanic  luul  taken  charge* 

The  following  quotation  is  from  the  Manchester  report,  already] 
cited  {see  p,  24) : 

X<'f:H^'iMi1   inMiiM^enK^nt  ttf  the  self*afthjir  tiKiiiiM?!'  Ih  resfxniKJhli*  f<i!'  mnoh  af^ 
the  smoke  from  hand  firing.    *     *    *    Xo  doubt  its  use  obviates  to  some  extent 
the  necessity  for  constant  attention,  but  in  many  cases  it  has  been  disconnected 
after  attention  has  been  drawn  to  the  smolvc. 

The  foregoing  examples  emphasize  the  facts  that  the  management 
of  the  boiler  room  is  a  problem  for  j^roperly  trained  men  and  that 
as  the  coal  burned  is  a  consideral)le  item  of  expense,  averaging  about 
50  per  cent  of  the  cost  of  ])roducing  power,  there  is  more  oppor- 
tunity to  save  in  tlic  boiler  room  than  in  the  engine  room  with  any 
given  equipment.  The  average  boiler  room  is  a  hot,  dirty,  and  other- 
wise unattractive  place.  IA)r  these  reasons  but  little  attention  has 
been  paid  to  it  by  superintendents  and  operating  engineers  in  mod- 
erate-sized plants.  The  l)oiler  rooms  arc  managed  for  the  most  part 
by  men  hired  not  so  much  for  what  they  know  as  for  their  ability 
to  do  hard  work,  and  they  get  conq)arativcly  small  wages.  There 
are,  however,  some  mechanical  ai)plianccs,  such  as  the  chain  gnite, 
which  leave  but  little  to  the  skill  of  the  fireman.  (See  "  Suppression 
of  industrial  smoke/'  by  A.  Bement,  cited  in  bibliography,  p.  28.) 

Many  furnaces  may  be  classed  as  smokeless  when  attended  by 
careful  men,  but  unsatisfactory  when  lired  by  ordinary  firemen.  In 
some  power  plants  it  is  difficult  for  even  a  trained  man  to  secure 
reasonable  economy  and  })reveut  smoke.  This  may  be  due  to  the 
fact  that  the  plant  is  poorly  designecL  It  does  not  follow  that  a 
plant  having  a  high  chiuniey  will  have  a  suflicient  draft.    The  chim- 
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ney  may  be  too  small,  or  there  may  be  many  elbows  in  the  flues  lead- 
ing from  the  boiler  to  the  stack,  or  there  may  be  serious  leakage  of 
air  through  holes  in  the  flue,  boiler  setting,  and  breeching.  A  poor 
draft  is  responsible  for  a  great  deal  of  trouble  in  the  boiler  room. 
Difficulty  in  burning  coal  in  some  one  furnace  in  a  plant  has  boeji 
reported  where  iilvestigation  showed  that  the  damper  had  turned  on 
its  shaft  and  instead  of  being  open,  as  the  fireman  supposed,  was 
nearly  closed.  Such  difficulties  can  be  avoided  only  by  systematic 
supervision. 

In  many  plants  the  grate  surfa(*e  is  not  properly  proportioned  to 
the  load  carried.  This  can  be  remedied  in  hand-fired  furnaces,  but 
not  without  considerable  expense  in  stoker  plants.  Some  plants  main- 
tain fires  under  too  many  boilers  for  good  economy;  on  the  other 
hand,  there  are  probably  more  in  which  the  furnaces  are  overloaded. 

The  hand-firing  of  plain  furnaces  violates  all  the  principles  laid 
down  for  securing  good  combustion.  The  coal  is  usually  supplied  in 
large  quantities  at  long  intervals,  and  the  result  is  that  at  the  times 
of  firing  the  temperature  of  the  furnace  is  lowered,  the  resistance  to 
the  flow  of  air  through  the  fuel  bed  is  increased,  and  consequently 
great  quantities  of  combustible  gas  are  generated  which  can  not  be 
burned  for  lack  of  air  and  the  necessary  amount  of  heat. 

Hand-fired  furnaces  with  steam  and  air  jets  may  save  enough  by 
better  combustion  to  make  up  for  the  cost  of  the  steam  used  in  the 
jets.  They  are  looked  upon  as  makeshifts  by  experienced  smoke  in- 
spectors and  others  competent  to  judge  of  them. 

Hand- fired  furnaces  with  ample  combustion  (chambers  and  adjust- 
able openings  for  air  admission  are  suitable  for  some  kinds  of  coal,  if 
tended  by  experienced  and  careful  firemen. 

Down-draft  furnaces  have  shown  decided  economy  in  many  plants 
and  have  been  fairly  successful  in  the  prevention  of  smoke.  The  prin- 
ciple is  a  good  one,  but  few  installations  of  these  furnaces  are  properly 
fired.  Whether  they  can  be  run  smokelessly  depends  on  the  required 
capacity,  the  kind  and  size  of  coal,  and  the  attention. 

Mechanical  apparatus  for  burning  powdered  coal  in  boiler  furnaces 
has  been  tried  in  many  plants  and  with  but  few  exceptions  has  been 
found  unsatisfactory  on  account  of  the  cost  and  difficulty  of  main- 
taining the  furnace.  It  has,  however,  proved  a  decided  success  in 
firing  cement  kilns. 

Sprinkling  stokers  have  as  yet  made  little  headway  in  this  country. 
Records  given  in  the  Manchester  (England)  smoke-prevention  report 
show  that  these  stokers  are  not  as  successful  in  preventing  smoke  as 
those  of  the  coking  type. 

Furnaces  with  mechanical  stokers  of  the  overfeed  types,  includ- 
ing chain  grates,  which  feed  the  coal  gradually  and  coke  it  under  a 
fire-brick  arch,  are  used  more  widely  than  any  others  exc-vb^l  iVife  \^ajv\\ 
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lmn<Ufired  fitmace,s»  "WHien  these  stokern  are  properly  in  stalled  in 
coiuiectiori  witii  ample  combustion  chambers,  and  carefully  operated, 
they  give  good  results  and  prevent  smoke.  Many  of  the^e  furnaees 
are.  not  properly  in.stalled  and  a  still  greater  numl>er  are  badly 
operated.  The  inclined-gi^ate  stokers  will  burn  either  high- volatile 
coak  or  coab  high  in  fixetl  carbon*  The  chain-grate  stokers  are  huq- 
csesaful  in  burning  high-volatile  coals  such  as  ore  found  in  TndianJi 
and  Illinois.  They  require  less  attention  from  the  fireman  than  other 
types  of  stokers,  and  they  can  l^e  operated  smokelessly  when  properly 
installed.  This  stoker  has  not  been  adapted  to  burning  low-volatile 
coals  such  as  are  largely  used  in  the  East. 

Underfeed  stokers  that  automatically  feed  the  coal  are  usually 
successful  with  either  high  or  low  vuhitile  fuels  when  properly  in- 
stalled and  operated  at  a  reasonable  rate  id  combustion. 

Many  furnaces  are  liurning  coal  un stilted  to  them,  and  under  the 
load  conditions  it  is  impossible  to  prevent  smoke.  A  change  to  an- 
other kind,  or  in  some  cases  to  another  sisse  of  the  same  kind  of  coal, 
would  prove  satisfactory, 

INDIRECT  METHODS  OF  SMOKE  ABATEMENT. 

Tliere  is  ut  pi'csent  a  general  tendency  tr*  centrsilize  power,  TieaP 
ing,  and  gas  plants.  In  the  heating  of  buildings  it  is  customary  under 
existing  conditions  to  generate  steam  in  the  building.  Where  this  is 
done,  it  is  in  general  considered  more  economical  to  install  engines  for 
generating  current  for  light  and  power  also.  However,  many  build- 
ings furnish  their  own  heat,  but  purchase  current.  Large  power  or 
light  plants  can  now  be  located  at  any  convenient  place,  say  at  the  coal 
mines,  because  of  the  ease  and  economy  with  which  electric  current 
can  be  transmitted;  but  heating  plants,  whether  for  residence  or  for 
business  districts,  nuist  be  within  a  comparatively  short  distance  from 
the  section  to  be  heated  on  account  of  the  cost  of  installation  and  the 
losses  from  radiation.  There  are  now  more  than  150  central  heating 
plants  in  the  United  States,  furnishing  steam  or  hot  water  to  resi- 
dences or  business  buildings  or  to  both.  The  greater  number  of  these 
plants  are  located  in  the  coal-producing  States.  Some  of  them  have 
been  built  especially  for  the  pur])ose  of  heating;  others  are  additions 
to  electric-lighting  or  industrial  plants  and  utilize  the  exhaust  steam 
from  the  engines.  These  central  plants  can  be  oi)erated  without  smoke 
under  favorable  conditions,  and  they  relieve  the  smoke  situation  in  a 
measure.  The  plan  of  purchasing  both  heat  and  light,  not  only  for 
residences,  but  also  for  business  houses,  is  popular  because  it  relieves 
the  consumer  of  the  details  of  operating  a  plant,  does  away  with  the 
dust  of  coal  and  ashes,  and  makes  available  for  storage  purposes  space 
which  would  otherwise  be  occupied  by  the  plant. 
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it  has  been  suggested  that  in  certain  types  of  furnaces  in  which  per- 
fect combustion  can  not  be  maintained,  the  resulting  smoke  may  be 
washed  from  the  chimney  gases  in  the  same  way  as  dust  and  soot  are 
now  removed  from  the  air  that  is  used  in  ventilating  large  office  build- 
ings, schoolhouses,  and  hospitals. 

The  increasing  use  of  storage  batteries  by  street  railways  and  other 
interests  has  aided  in  the  prevention  of  smoke.  These  batteries  fur- 
nish the  extra  power  needed  when  traffic  is  heavy  during  rush  hours 
on  the  street  railways  and  make  unnecessary  any  sudden  heavy  de- 
mands on  the  power  plants.  The  load  on  the  engines  being  more 
nearly  uniform,  there  is  less  change  in  the  rate  of  combustion  in  the 
iurnaces  and  less  smoke,  for  change  of  load  and  crowding  of  boilers 
constitute  a  most  prolific  source  of  smoke. 

SUMMARY. 

The  increasing  use  of  gas  and  coke  for  domestic,  manufacturing, 
and  power  purposes  and  the  centralization  of  power  and  heating 
plants  tend  to  relieve  cities  of  a  large  percentage  of  the  smoke  now 
given  off  by  small  and  inefficient  heating  and  power  plants.  Not- 
withstanding the  fact  that  other  ways  of  utilizing  coal  are  growing 
in  favor,  it  will  evidently  be  necessary  to  burn  coal  in  small  boiler 
plants  for  some  time  to  come.  These  coal-burning  plants  will  con- 
tinue to  keep  the  problem  of  smoke  abatement  before  the  residents 
of  large  cities. 

It  is  recommended  that  in  order  to  improve  the  conditions  in  any 
city  a  record  of  all  equipment  and  furnaces  in  the  power  plants  be 
madef  and  that  improvements,  methods  of  operation,  and  the  kinds  of 
coal  used  be  made  a  special  study.  It  is  only  by  such  systematic 
methods  that  the  local  problem  can  be  solved,  as  conditions  in  any 
one  city  are  generally  different  from  those  in  others,  depending  on 
the  amount  and  kind  of  manufacturing  and  the  character  of  the  coal 
available. 

The  personal  element  is  the  most  difficult  obstacle  to  overcome  in 
the  fight  against  smoke.  Study  of  the  requirements  and  a  desire  to 
obtain  good  results  on  the  part  of  the  firemen  will  do  more  to  clear 
the  air  in  cities  than  any  other  one  influence. 

Being  principally  the  result  %f  an  imperfect  air  supply,  smoke 
can  be  prevented  by  providing  for  sufficient  air  and  for  its  mixture 
with  the  gases  in  the  furnace. 

Well-designed  furnaces  may  smoke  to  a  greater  or  less  degree, 
depending  on  the  methods  of  the  firemen,  the  kind  or  size  of  the  coal, 
and  the  rate  at  which  the  coal  is  burned.  They  may  be  expected  to 
give  smokeless  combustion  when  burning  a  suitable  coal,  except  under 
the  following  unfavorable  operating  conditions: 
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h  When  firt'S  an*  hmh.  Tht^  furnure  not  bein^  heatcrl  to  the  re- 
qiiirod  t4?iM[MU'iiturt%  tbe  ^ist^s  rool  bel(»vv  tlifir  ignition  point  and 
emnipe  unburued, 

2,  When  .so  much  coal  is  burned  on  the  grate  that  it  is  impossible 
to  aujjply  Kiifficieut  air  without  frequent  poking.  Thi;*  coudition 
usual  I J  results  in  so  bvrge  a  vohime  of  ^as  from  the  coal  that  it  can 
Ur>(  Ix*  proj>er]y  mixed  with  air  and  burjsed  in  the  combustion 
chamber.  On  reaching  the  boiler  surfaces  it  is  eoolerl,  combustion 
IE  arrest ed»  and  suot  and  smoke  result. 

S.  When  the  rate  of  combustion  is  suddenly  increases  I,  as  when 
more  coal  is  added,  and  tiroes  are  jioked  to  get  up  pi*essnre  in  short 
time. 

4.  When  the  fires  ai*e  checked  by  closing  dooi's  or  dampers,  thu^ 
cuttmg  off  the  air  supply.  Banked  fires  are  difficult  to  maintain  and 
start  up  withiuit  smoke.  Automatic  diimpei^  are  frequently  the 
cause  of  smoke  when  ntit  properly  adjusted  or  ilesigned. 

There  is  need  of  further  stutly  at  coals,  furnaces,  and  ctmibustion, 
but  enough  is  now  known  to  enable  an  engineer  to  design  and  operate 
a  steam  plant  without  oljjectionable  smoke. 

lUIi^^IOGltA^l^k^ 

SURVEY  PUBLICATIONS  ON  COAL. 
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plant  of  the  linitetl  States  (JeoloKical  Survey  at  the  Louisiana  Purchase 
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Professional  Paper  No.  48.  lU'port  on  the  operations  of  the  coal-testing  plant 
of  the  Uniteil  States  (Jeological  Survey  at  the  Louisiana  Purchase  Exi>o8i- 
tion,  St.  Louis,  Mo.,  11)04.  E.  AV.  Parker,  J.  A.  Holmes,  M.  R.  Campbell, 
committee  in  charge.     11M)0.     In  three  parts,  1492  pp.,  13  pis. 

Bulletin  No.  21)0.  Preliminary  report  on  the  operations  of  the  fuel-testing 
plant  of  the  T'nited  States  (i(H»logical  Survey  at  St.  Louis,  Mo.,  1905.  J.  A. 
Holmes,    in   charge.     1900.     240   i)p. 

Bulletin  No.  823.  Experimental  work  coiulnctcMl  in  the  chemical  laboratory  of 
the  fuel-testing  plant,  St.  Louis,  .January  1.  190r>,  to  July  31,  11K)0,  by  N. 
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11K)7.     190  PI). 

BOOKS  ON  COMBUSTION  AND   SMOKE  PREVENTION. 

Barr,  William  M.     Coml)USti(Hi  of  coal  and  the  i»reveiiti(Mi  of  smoke.     Norman 
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Booth.  AA'illiam    H..  and  Kekshaw,  .Totin   B.  C.     Smoke  prevention  and  fuel 
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PREFACE. 


By  Alfred  H.  Brooks. 


This  volume  presents  the  results,  both  geologic  and  topographic, 
of  the  first  detailed  survey  made  of  any  of  the  Alaska  coal  fields. 
Most  of  the  other  important  coal  fields  have  been  covered  by  surveys 
of  a  reconnaissance  character  (see  p.  130,  this  report),  and  it  is  pur- 
posed to  carry  detailed  surveys  over  them  as  fast  as  they  are  likely 
to  be  rendered  accessible  by  transportation  facilities,  provided  the 
means  permit. 

It  is  an  established  policy  in  the  investigation  of  the  mineral  re- 
sources of  Alaska  to  precede  detailed  work  by  that  of  a  reconnaissance 
character.  This  makes  it  possible  to  determine  not  only  the  areas 
of  probably  greatest  commercial  importance,  which  should  be  sur- 
veyed in  detail,  but  also  to  obtain  an  insight  into  the  larger  geologic 
problems  and  thus  pave  the  way  for  the  more  detailed  investigations. 
The  following  report  is  the  result  of  such  a  policy,  a  general  investi- 
gation of  the  fuel  resources  and  of  the  geologic  problems  connected 
therewith  of  the  Pacific  coastal  belt  of  Alaska,*  made  in  1903-4,  hav- 
.  ing  indicated  the  Controller  Bay  region  as  the  part  of  this  province 
which  gave  promise  of  beipg  of  greatest  immediate  commercial  im- 
portance. 

It  is  considered  desirable  that  areas  selected  for  survey,  especially 
those  for  mapping  in  detail,  should  be  of  quadrilateral  outline  and 
bounded  by  parallels  of  latitude  and  meridians  of  longitude.  ITn- 
fortunately  the  means  at  hand  are  not  always  sufficient  to  cover  such 
quadrangles,  and  the  work  is  perforce  confined  to  the  parts  that  are 
of  greatest  commercial  importance.  Such  is  the  case  in  the  accom- 
panying map  (PL  II,  pocket)  of  the  Controller  Bay  region. 

The  maps  and  text  of  this  volume  present  many  details  of  the 
geology.  If,  as  is  often  the  case,  a  tentative  rather  than  a  final  con- 
clusion is  presented,  it  should  be  regarded  as  being  due  both  to  the* 
lack  of  comprehensive  knowledge  of  the  whole  Alaska-Pacific  coast 

*  Martin,  G.  C,  The  petroleum  fields  of  the  Pacific  coast  of  Alaska:  Bull.  U.  S.  Geo!. 
Survey  No.  250,  1905.  Mofflt.  F.  H.,  and  Stone,  R.  W.,  Mineral  resources  o^  Kenal 
I'eninaula,  Alaska:  Bull.  U.  S.  Oeol.  Survey  No.  277.  1906. 
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proviiu-e  and  to  tht^  lack  uf  l:«?d-rock  exposures,  whicli  is  ^o  character-" 
istic  of  much  uf  t\w  region,  rather  than  to  a  lack  of  refinement  in  fiekl 
inethiKlts*  The  i^nccemon  of  Tertiary  rockf^  in  the  iiortliwe*itern 
PuL'ifie-coai^t  province  of  .VintTicm  iis  but  very  imperfectly  known, 
antl  the  inehidcd  floras  and  faunas  have  been  but  little  studied.  Mr. 
Martin  had,  therefore,  very  littlo  except  the  position  of  tht?  beda  to 
aid  him  in  his  inti?rpin?tation  of  structure,  which  i^  very  intricate. 
Though  the  stratigraphic  sequence,  as  here  presented,  leaves  much  to 
\je  dei^ired,  yet  it  is  undoubtedly  the  best  that  can  be  dooe  until  the 
Tei*tiarv  rocks  are  studied  in  ad j accent  provinces. 

Though  tile  region  lies  neai*  the  coast  yet  it  ia  by  no  means  easy 
of  access.  The  heavy  timljer  and  swamps  of  the  lowlands,  the  few- 
iiesvS  of  roads  and  trails,  and  the  excessive  rainfall  made  the  work 
exceedingly  arduou:s.  In  view  of  these  factSj  Mr.  Martin  and  his 
aSssiBtants  deserve  great  credit  for  the  results  obtained. 


GEOLOGY  AND  MINERAL  RESOURCES  OF  THE 
CONTROLLER  BAY  REGION,  ALASKA. 


By  G.  C.  Martin. 


INTBODUCTION. 

LOCATION. 

Controller  Bay  is  a  shallow  indentation  in  the  Pacific  coast  of 
Alaska,  sheltered  chiefly  by  Kayak  and  Wingham  islands.  It  lies 
in  latitude  60°  north,  longitude  144°  west,  being  about  1,250  miles 
northwest  of  Seattle,  400  miles  northwest  of  Sitka,  and  15  miles  east 
of  the  mouth  of  Copper  River  (PL  I).  The  region  here  to  be  de- 
scribed includes  the  shores  of  Controller  Bay,  the  islands  in  and 
around  it,  and  an  area  extending  for  about  25  miles  inland,  includ- 
ing the  entire  drainage  basins  of  Bering  River  and  of  the  other 
streams  emptying  into  Controller  Bay,  and  parts  of  the  headwater 
areas  of  the  neighboring  streams.  This  region,  which  extends  for 
maximum  distances  of  37  miles  from  north  to  south  and  28  miles 
from  east  to  west,  covers  a  total  land  area  of  about  430  square  miles. 
It  is  an  isolated  region  of  lowlands  and  hills  of  moderate  altitude, 
hemmed  in  between  the  Chugach  Mountains  and  the  sea  on  the  north 
and  south  and  between  Bering  Glacier  and  the  Copper  Delta  on  the 
east  and  west. 

HISTORY  OF  INVESTIGATIONS. 
EARLY  EXPLORATIONS  AND  SURVEYS. 

When  Bering  led  the  first  exploratory  voyage  across  the  North 
Pacific  in  1741,  Cape  St.  Elias  was  his  first  landfall  and  either 
Kayak  or  Wingham  Island  his  first  landing  place.  The  first  explora- 
tion of  this  province  thus  dates  back  to  the  beginning  of  Alaskan 
history.  But  this  beginning,  although  of  historical  interest,  was  of 
little  importance,  for  Bering  merely  sent  boats  ashore  for  water,  and 
then  went  back  across  the  Pacific  without  extending  his  explorations 
or  even  touching  on  the  mainland." 

•  Steller,  Oeorg  Wllhelm,  Beschreibung  der  See-Reise  von  Kamscbatka  nacb  Amerika, 
Frankfort,  1774. 
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10  COHTBOLI.EE  BAY   REOTOH,  ALaBKA, 

The  Russians  pi'obahly  made?  other  visits  to  Controller  Bay  dur- 
ing the  l^eginniiig  of  .settlement  and  fur  trade  from  1762  to  ITB3* 
but  if  so  they  left  no  records  ;vhich  are  accessible.  Other  esplorei^ 
^nt  out  by  the  Russian;^,  French,  and  Spaniardy  sailed  pant,  this 
coast,  but  tliere  is  no  record  of  their  Imving  landed  here. 

Vancouver  and  Ptiget,  returning  from  Cook  Inlet  in  1794,  entered 
Corrt roller  Bay,  and  the  latter  spent  con^siderable  time  there  while  at- 
tempting to  sail  out  through  the  channel  iMween  Kayak  Island  and 
Oka  lee  Spit.  Puget's  account  of  this  work  and  his  descriptions  of 
the  regions''  are  especially  complete. 

Controller  Bay  and  the  coast  eastward  were  visited  in  1837  by  Sir 
Edward  Belcher,  who  wrote  '*  some  rather  elalx)rat€  but  nonscientific 
descriptions  of  Bering  and  Malaspina  glaciers. 

Lieut.  H.  W,  Seton-Karr,  after  attempting  to  climb  Mount  St» 
Elias  in  188G,  cruised  westward  in  a  small  Ijoat,  spent  some  tim^  at^ 
a  settlement  on  the  north  end  of  Kayak  Island  and  near  Katalla.  and 
(*ru!5sed  the  Copper  Delta-  He  published  a  very  complete  uarni- 
tiv6*  of  his  journey,  with  general  descriptions  of  the  country  and 
with  i^ketches. 

All  the  charts  of  Controller  Bay  and  the  neighl>oring  coast  pub- 
lished prior  to  U)03  were  based  on  early  surveys,  probably  by  Tebeii- 
kof.  The  United  States  Coast  and  (Teodetic  Survey  mapped  the  Cop- 
per Delta  in  1S9S  and  made  detailed  surveys  of  [larts  of  tho  sliore  line 
and  waters  of  Controller  and  Katalla  bays  in  1903,  1905,  and  1906. 
The  results  of  this  work  are  embodied  in  chart  No.  8513. 

GEOLOGIC   AND   TOPOGRAPHIC   SUR\^YS. 

The  earliest  authentic  references  to  the  geology  and  mineral  re- 
sources of  this  region  were  by  Oliphant,^  Eldridge/  Spurr/  Kir- 
sopp,^  Stoess/  and  others.' 

The  facts  to  be  presented  in  this  volume  have  been  gathered  chiefly 
during  visits  to  the  region  made  by  the  writer  during  each  of  the  last 

"  Vancouver.  Capt.  George.  Voyage  of  discovery  to  the  North  Pacific  Ocean,  etc.,  In  the 
years  1700-171)5,  London.  179S,  :i  v.   (maps). 

'>  Hek'her,  Capt.  Sir  Edward.  Narrative  of  the  voyage  of  H.  M.  S.  Sulphur  during  the 
years  ls:5«;-lS42.   London.   IH4?*. 

''  Setou-Karr,  IL  W..  Shores  and  Alps  of  Alaska.  London,  1887,  pp.  138-168. 

''Ollphant,  V.  IT.,  ivtroleum.  in  Mineral  Resources  U.  S.  for  1897;  Nineteenth  Ann. 
Rei>t.  r.   S.  (Icol.  Survey,  pt.  (>   (cont.).  180S.  p.  110. 

^  Eldridge.  (1.  H..  The  coast  from  Lynn  Canal  to  I*rlnce  William  Sound:  Maps  and  de- 
scriptions of  routes  <»f  exploration  in  Alaska  In  1898.  a  special  publication  of  the  U.  8. 
Geo).   Survey.   1S99,  pp.    lo:i-104. 

^  Spurr.  .7.  E..  A  reconnaissance  in  southwestern  Alaska  in  1898:  Twentieth  Ann.  Rept. 
r.  S.  Oeol.  Survey,  pt.  7.   1900.  pp.  12().'{-Ii(»4. 

"  Kirsopp,  John,  jr.,  The  coal  tields  of  Cook  Inlet.  Alaska.  U.  S.  A.,  and  the  Pacific 
coast:  Trans.   Inst.  MIn.  Eug.    (England),  vol.  21.  1901.  pp.  .'i.56-559. 

*  Stoess,  V.  C,  The  Kayak  coal  and  oil  field  of  Alaska  :  MIn.  and  Sci.  Press,  vol.  87, 
190:i.  p.  H.'i. 

•  See  bibliography  on  p.  130. 
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SURVEYS.  1 1 

four  years.  A  four  weeks'  reconnaissance  was  made  in  the  summer 
of  1903,  the  results  of  which  were  published  both  in  abstract «  and  in 
detail.^  In  1904  about  ten  days  were  spent  in  supplementary  recon- 
naissance, the  results  of  which  were  incorporated  in  the  detailed  re- 
port *  on  the  preceding  season's  work  and  were  also  presented  more 
fully  ^  by  themselves. 

More  detailed  surveys  and  investigations  were  made  during  the 
field  season  of  1905,  when  a  combined  geologic  and  topographic 
party  of  ten  to  twelve  men  was  at  work  in  the  region  from  May  21  to 
October  27.  The  objects  were  to  prepare  a  detailed  topographic  map. 
to  plat  the  geology  upon  this  base  map,  and  to  make  the  other  detailed 
studies  of  the  geology  and  mineral  resources  on  which  this  report  is 
based. 

The  topographic  mapping,  which  was  carried  over  an  area  of 
about  430  square  miles,  included  all  of  the  area  within  which  there 
are  indications  of  petroleum,  and  all  of  those  parts  of  the  coal  field 
within  which  there  have  been  actual  or  attempted  developments.  The 
work  of  the  topographers  was  much  aided  by  the  use  of  the  primary 
triangulation  made  by  the  Coast  Survey  and  by  detailed  topographic 
maps  of  the  coal  and  oil  lands  of  the  Alaska  Development  Company 
and  the  Pacific  Coal  and  Oil  Company  made  by  Mr.  J.  L.  McPher- 
son.  These  maps  were  thoroughly  tested  in  the  field  by  both  the 
topographers  and  the  geologists  and  were  found  to  be  of  rare  accu- 
racy and  excellence.  Accordingly  the  areas  covered  by  them  were 
not  resurveyed,  and  Mr.  McPherson's  maps  were  reduced  to  the  scale 
of  and  incorporated  in  the  topographic  map  here  published.  This 
map  (PI.  II,  pocket)  was  surveyed  on  the  scale  of  1 :  45000  and  is 
here  published  on  the  scale  of  1 :  62500,  or  about  1  mile  to  the  inch, 
with  a  contour  interval  of  50  feet.  Bad  weather  prevented  the  exten- 
sion of  primary  triangulation  into  the  northeastern  part  of  the  area. 
The  control  of  this  section  was  consequently  based  on  secondary  plane- 
table  triangulation  and  is  subject  to  more  or  less  correction.  It  is 
hoped  that  the  errors  will  not  be  appreciable. 

The  approximate  positions  of  the  Coast  Survey  triangulation  sta- 
tions are  shown  on  PI.  Ill,  and  are  also  stated  in  the  following  table : 

■  Petroleum  fields  of  Alaska  and  the  Bering  River  coal  fields :  Bull.  IT.  S.  Geol.  Survey' 
No.  225,  1904,  pp.  365-382. 

*The  petroleum  fields  of  the  Pacific  coast  of  Alaska,  with  an  account  of  the  BerlnR 
River  coal  deposits :  Bull.  U.  8.  Cieol.  Survey  No.  250,  1005,  64  pp. 

'  Notes  on  the  petroleum  fields  of  Alaska :  Bull.  V.  S.  Geol.  Survey  No.  259,  190.'.. 
pp.  128-139.    Bering  River  coal  field :  Bull.  U.  S.  Geol.  Survey  No.  259,  1905,  pp.  140-1. "io. 
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About  45  miles  of  precise  levels  were  run  in  the  course  of  the  de- 
tailed topographic  work  and  11  permanent  bench  marks  were  left. 
The  line  of  levels  extends  from  tide  at  Katalla  to  the  month  of  Canyon 
Creek  via  Berin<r  Kiver,  with  branches  up  She])herd  Creek  to  Canoe 
Laiidin<r  and  u])  Stillwater  Creek  to  Lake  Knshtaka. 

The  followino-  tabic  <i:ives  the  position  and  elevation  of  bench  mark> 
which  were  established  by  this  precise  levelinir.  All  are  marked  by 
nliiininiim  tablets  set  in  rock,  and  the  position  is  also  indicated  on  tlu* 
toj)o*rrapliic  maj). 
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Location. 


Katalla,  300  feet  west  of  post-office;  tablet  set  in  top  of  large  bowlder  (5  by  10 
by  10  feet) 

Point  Hey:  tablet  set  in  outcrop  of  sloping  smooth  sandstone 

Mouth  of  Bering  River:  tablet  set  in  base  of  cliff  between  waterfall  and  ofRce 
of  Pacific  Coal  and  Oil  Co 

Bering  River,  west  bank,  1  mile  southeast  of  Bering  Lake  and  i  mile  west 
of  mouth  of  Gandil  River;  tablet  set  in  sandstone 

Shepherd  Creek,  west  bank,  near  mouth;  tablet  set  in  sandstone  20  feet  from 
water  line,  on  low  grassy  swale  between  hills 

Shepherd  Creek,  west  side,  on  trail  at  base  of  steep  hills;  tablet  set  in  sand- 
stone outcrop  100  feet  south  of  cabin  at  tunnel 

Bering  River,  north  bank,  4i  miles  west  of  mouthof  Still  water  Creek;  tablet 
set  in  sandstone  ledge  at  base  of  20-foot  cliff  in  first  timbered  hill  above 
Bering  Lake 

Bering  River  at  mouthof  Stillwater  Creek;  tablet  set  in  sandstone  atbai^e 
of  2CPfoot  cliff,  50  feet  south  of  gully  on  west  side  of  creek 

Stillwater  Creek,  2}  miles  above  its  mouth;  tablet  set  in  sandstone  on  edge 
of  trail  I  mile  above  Cunningham's  warehouse 

Lake  Kushtaka  at  outlet;  tablet  set  in  sandstone  20  feet  from  edge  of  water. . 

Bering  River,  about  600  feet  north  of  mouth  of  lower  fork  of  Canyon  Creek: 
tablet  set  in  black  sandstone  on  wooded  point  at  west  side  of  gravel  flat, 
about  500  feet  north  of  point  where  trail  leaves  Bering  River 


Elevation 
stamped 
on  taolet. 


Feet. 


45 


AdjiistiMi 
elevation/t 


Feet. 

10.  ()95 
9.909 

8. 052 

6. 648 

r..  067 

47. 049 

21.094 

2a. 020 

49.160 
84. 728 


«  The  determination  of  mean  tide  at  Katalla  is  based  on  observations  extending  for  only 
twenty-four  hours,  and  consequently  is  only  approximate.  The  adjusted  elevations  of  the 
bench  marks  as  given  in  the  table  are  regarded  as  correct  within  0.1  foot  with  reference 
to  the  Katalla  bench,  but  are  gubject  to  a  probably  greater  correction  on  more  accurate 
determination  of  mean  tide. 

Reconnaissance  surveys  were  also  made  in  1905  to  connect  with  the 
maps  of  the  Copper  River  region.  During  the  following  season  the 
reconnaissance  topography  was  extended  to  the  north  and  east.  The 
data  thus  obtained  were  used  in  the  preparation  of  PI.  I,  in  compiling 
which  earlier  maps  by  the  Geological  Survey  in  neighboring  regions 
and  by  the  coast  and  boundary  surveys  were  also  employed. 

The  geologic  work  of  1905  was  carried  over  the  same  area  as  the 
topography,  and  a  geologic  map  showing  the  distribution  of  the 
several  formations  was  prepared  (PL  V,  pocket).  Numerous  sections 
were  measured  and  coal  samples  were  collected  at  most  of  the  more 
important  openings.  The  results  of  this  work  have  already  been 
published  in  abstract,"  but  are  given  more  completely  on  subsequent 
pages.  Part  of  the  season  of  1906  was  spent  in  completing  the 
geologic  work  begun  in  the  preceding  year.  The  results  of  that 
year's  work  were  also  incorporated  in  an  abstract  report  ^  which*  has 
already  appeared. 
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COMMERCIAL  DEVELOPMENTS. 

The  first  white  men  who  settled  in  this  region  were  traders  who 
were  attracted  by  tlie  sea  otters  which  the  natives  had  for  a  long 
time  been  catching  around  the  rocks  off  Kayak  and  Wingham  islands. 
Trading  posts  were  established  during  the  Russian  occupation^  and 
soon  after  tlie  transfer  the  Alaska  Commercial  Company  is  said  to 
have  had  a  station  here.  After  the  decline  of  the  sea -otter  industry 
attempts  were  made  to  establish  salmon  canneries,  but  they  were 
not  successful,  although  a  cannery  on  Prince  William  Sound  still 
finds  it  profitable  to  send  steamers  to  Bering  River  for  fish* 

The  existence  of  coal  and  petroleum  was  prol)ably  learned  from 
the  natives.  However  that  may  be,  these  materials  began  to  attract 
attention  in  1896  and  soon  brought  in  large  numbers  of  prospectors. 
The  first  oil  well  was  begim  in  1001,  and  drilling  has  been  in  progress 
more  or  less  actively  ever  since.  (See  p,  IIS.)  A  producing  well  was 
obtained  in  1902  and  an  oil  boom  resulted.  Companies  were  floated 
on  cheap  stock  and  promises,  large  areas  of  mud  and  ice  were  staked 
and  sold,  and  drilling  was  l>egim  wherever  any  kind  of  rig  could  be 
procured  and  landed.  A  large  nimiber  of  the  oil  companie^s  never 
progressed  beyond  the  sale  of  stock,  and  some  possibly  never  intended 
to  do  so.  Others  began  operations  without  obtaining  competent  ad- 
vice and  with  no  idea  of  the  problems  before  them.  A  few  started 
in  a  consen^ative,  intelligeJit  way  to  thoroughly  test  the  field,  None 
have  thus  far  secured  any  return.  It  is  now  realized  that  oil  drilling 
in  a  new  field  is  uncertain,  and  at  best  requires  time  and  money,  and 
that  Alaska  oil  fields  are  at  a  greater  disadvantage  tlian  more  access- 
ible localities.  It  is  still  doubtful  how  and  where  producing  %vells 
are  to  be  obtained  and  uncertain  whether  even  successfid  wells  will 
justify  the  present  high  cost  of  drilling  and  operating  in  this  region. 

The  coal  was  discovered  at  about  the  same  time  as  the  i>etroleum. 
Prt>bably  all  of  the  coal  land  within  easy  reach  has  now  been  located. 
The  lands  have  been  for  the  most  part  surveyed  for  patent  applica- 
tion by  deputy  mineral  surveyors.  A  large  number  (probably  several 
hundred)  of  surface  prospect  openings  have  been  made,  and  about  20 
tunneh  have  been  begun. 
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Complete  title'*  has  not,  so  far  as  is  known  to  the  writer  (1907), 
been  obtained  by  any  of  *the  locators,  either  here  or  elsewhere  in 
Alaska. 

The  importance  of  transportation  has  been  realized  from  the 
beginning  of  the  development  of  the  region.  The  building  of  trails 
and  roads  has  gone  on  from  year  to  year  until  foot  travel  is  now 
easy.  Railroad  preliminaries  have  been  in  progress  at  intervals  for 
several  years,  the  following  routes  having  been  surveyed :  P'rom  the 
east  shore  of  Controller  Bay  to  the  valley  of  Shepherd  Creek ;  from 
Point  Hey  to  Shepherd  Creek  via  Katalla  Valley;  from  Whale 
Island,  via  Katalla  Valley,  to  Lake  Charlotte  and  thence  to  Copper 
River  and  into  the  interior;  from  Katalla  Bay  to  Copper  River  and 
thence  up  Copper  River ;  and  from  Canyon  Creek  to  Controller  Bay. 

Construction  of  wharves  and  breakwaters  at  Katalla  Bay  and  at 
Whale  Island  and  of  two  railroads  was  begim  in  1907. 

GENERAL    CHARACTER    OF    THE    COUNTRY. 
TOPOGRAPHY. 

The  Controller  Bay  region  constitutes  an  area  of  lowlands  and  of 
hills  of  moderate  height,  lying  between  the  Chugach  Mountains  and 
the  sea  on  the  north  and  south  and  between  Bering  Glacier  and  the 
Copper  Delta  on  the  east  and  west. 

The  Chugach  Mountains  are  high  and  rugged  (see  PI.  IV,  .1), 
most  of  the  prominent  peaks  having  elevations  of  from  6,000  to 
12,000  feet,  and  send  out  long  spui-s  toward  the  southwest,  which 
gradually  decrease  in  height  as  they  approach  the  sea.  The  hills 
and  mountains  of  the  northern  and  western  parts  of  this  region  are 
such  spur^  Most  of  the  other  hills  stand  as  isolated  peaks  and 
ridges  or  as  isolated  gi'oups,  which  are  either  surrounded  by  water, 
as  the  ridges  on  Kayak  and  Wingham  islands,  or  by  mud  and  gravel 
flats,  as  Mount  Campbell,  Nichawak  Mountain,  Gandil  Mountain, 
and  the  group  of  hills  south  of  Bering  Lake.  The  elevation  of  the 
mountains  within  the  area  described  in  this  report  is  in  general  less 
than  2,000  feet,  and  does  not  exceed  2,500  feet,  except  in  the  western 
and  northern  parts  of  the  region,  where  numerous  peaks  rise  to 
heights  of  from  2,500  to  4,150  feet.  The  highest  of  the  summits  are 
in  the  extreme  northeastern  part  of  the  region,  close  to  the  Chugach 
Mountains.  The  hills  are  in  general  characterized  by  steep,  canyon- 
gashed  slopes  below  timber  line,  rounded  peaks  and  flattish  areas 
between  timber  line  and  an  elevation  of  1,800  to  2,000  feet,  and  sharp 
peaks  and  ridgas  above  2,000  feet. 

*  See  Coal-Iand  laws  and  regulations  thereunder  (a  pamphlet  issued  by  the  General 
L4iDd  Office  April  12,  1907),  pp.  12-19. 
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Bering  (Tlaciei%  whicli  liorders  the  regicin  oa  the  east,  is  a  hugc^, 
even  "Surfaced,  .stagnant  mass  of  gkeial  ice,  which  \^  fed  by  iimny 
valley  glaciers  coming  from  the  high  niouiitains  north  of  it.  It  is  a 
piedmont  glacier  of  the  ,same  general  character  and  of  nbont  tlie 
sanm  siise  art  Maluspina  Glacier.  Portions  of  its  surface  form  a  good 
highway  to  some  of  the  coal  camps  in  the  east  end  of  the  Bering 
River  coal  field,  bnt  most  of  it  is  so  covered  by  irregidar  masBe.s  of 
rock  and  gravel  and  so  much  crevassed  that  travel  over  its  surface 
is  difficult  and  dangerous, 

Martin  River  Glacier,  which  lies  north  of  the  coal  field,  is  inter- 
mediate in  size  and  character  between  Bering  Glacier  and  the  typical 
valley  glaciers.  It  is  formed  by  the  union  of  several  valley  glaciers,  < 
which  com**  out  from  the  high  mountains  (see  PL  IV,  .1),  and  ex- 
pand into  a  bidl)-shaped  terminus  on  reaching  low  ground-  Much 
of  its  surface  is  deeply  buried  by  moraine  and  is  flat^  but  most  of  it 
is  deeply  crevassed*  Two  lobes  of  I  Ids  glacier  extend  into  the  val- 
leys occupied  by  Kushtaka  Lake  and  Lake  Charlotte*  The  former  is 
known  as  Kushtaka  Glacier, 

Several  small  glaciers  occupy  positions  on  the  colder  slopes  of 
higher  mountains  within  the  area  here  described.  The  largest  of 
these  is  in  the  east  end  of  the  coal  field  and  is  known  as  Slope  Gla* 
cier.  Three  very  small  ones  are  near  it.  and  an  nnknow*n  numWr  of 
small  glaciers  of  various  sizes  occupy  the  high  valleys  on  the  west 
slopes  of  Ragged  Mountain. 

STREAMS. 

The  s-treams  of  this  region  have  their  supply  partly  from  local 
rainfall  and  partly  from  the  melting  of  the  glaciers.     Both  sources 
are  large,  and  the  streams  are  all  of  great  volume  in  proportion  to) 
their  length  and  are  subject  to  severe  floods. 

Bering  River  drains  the  greater  part  of  the  region*     This  stream 
has  its  source  in  lakes  on  the  margin  of  Bering  Glacier*     (See  PL 
VI,  ^4,  p.  46,)     It  flows  south  westward  for  about  12  miles  until  it 
approaches  Bering  Lake,  where  it  spreads  into  a  broad  delta.    The  , 
water  passes  in  part  through  the  delta  without  entering  the  lake, ' 
and  in  part  into  the  lake  and  out  again  at  its  southeast  corner*  where  ! 
the  river  is  reunited  and  flows  southward  for  8  miles  to  the  north- 
east corner  of  Controller  Bay.     The  low^er  course  of  Bering  River 
is  tidal,  the  current  running  in  both  directions  at  rates  of  3  to  5  miles  ' 
per  hour  with  the  tide.     The  water  of  Bering  Lake  has  a  rise  and 
fall  of  1  to  3  feet.     Bering  River  above  the  lake  is  nontidal,  the  cur- 
rent nitmtng  from  ^  lo  10  miles  per  hour  in  the  upper  part  and  about 
3  miles  per  hour  in  the  vicinity  of  tlie  lake.     The  tributaries  of 
Bering  River  above  the  lake  include  Canyon  Creek,  which  has  its-j 
souive  on  the  southern  maigm  oi  MBitlm  ^xN^fcie  G\ft.eier^  Stillwater] 
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Creek,  which  drains  Lake  Kushtaka  and  receives  a  large  part  of  its 
supply  from  the  Kushtaka  lobe  of  Martin  River  Glacier ;  and  Shep- 
herd Creek,  which  drains  Lake  Charlotte  and  several  other  small 
lakes  on  the  margin  of  the  same  glacier.  The  chief  tributaries  below 
the  lake  are  Gandil  and  Nichawak  rivers,  which  drain  parts  of  the 
margin  of  Bciing  Glacier. 

The  other  streams  include  Campbell  and  Edwardes  rivers,  which 
rise  on  the  southwest  margin  of  Bering  Glacier  and  enter  the  east 
shore  of  Controller  Bay ;  Katalla  River,  which  rises  in  the  hills  west 
of  Bering  Lake  and  flows  into  Katalla  Bay ;  and  several  of  the  head- 
water tributaries  of  Martin  River.  The  latter  rises  on  the  western 
margin  of  Martin  River  Glacier  and  in  Tokun  Lake,  and  flows  west- 
ward until  it  reaches  the  east  edge  of  the  Copper  Delta.  The  waters 
there  divide,  part  entering  the  delta  of  the  Copper,  and  part  flowing 
along  the  edge  of  the  mountains  close  to  the  delta  and  entering  the 
tidal  sloughs  behind  Softuk  Bar. 

CLIMATE. 

Few  meteorologic  observations  have  been  made  at  points  within 
the  region  here  described,  and  so  the  following  discussion  is  partly 
based  on  the  records  at  neighboring  stations,  supplemented  by  the 
writer's  general  knowledge  of  weather  conditions  during  the  sum- 
mers of  1903  to  1906,  inclusive.     . 

The  following  local  meteorologic  records  were  made  and  have  been 
furnished  by  the  Katalla  Company : 

Temperature,  clondiness,  and  precipitation  at  Katalla,  1007. 


January 

February... 

March 

April 

May 

June 

July 

August 

September.. 

October 

November- 
December... 


The  year.. 


Temperature  (°F.). 


Maxi-  '  Mini- 
mum,    mum. 


84 


Mean. 


la.o 
23.r> 

23.1 
35.8 
44.2 
60.0 
55.0 
59.4 
.52.0 
41.7 
34.4 
32.0 

39.2^ 


Cloudiness  (ntimber  of  days).   I  Precipitation  (inches). 


C'e";doudJ.<^'°'«'y- 


— 

___: 

24 

2 

13 

2 

14 

9 

8 

10 

11 

6 

6 

9 

1 

8 

5 

11 

8 

U 

1 

7 

3 

9 

5 

7 

99 

91 

13 
8 
12 
14 
15 
22 
15 
.  11 
23 
18 
19 

176 


Rain.  ,   Rain,  j  Snow..  Total. 


13 
11 
12 
17 
Ifi 
23 
17 
19 
29 
23 
23 

210 


4.  a'. 

8.29 
11.95 
11.41 
12.. 34 
2').  52 
11.44 
10.2 


No  record. 
No  record. 
No  record. 
2.0 


1.25 
15.5 
15.75 


4 .  H.'i 
8. '2!) 
U.O.") 
11.41 

ri.:u 
2').«i2 
12. 4t 
11.  JS 


"  Eight  months. 

The  nearest  sta4;ions  at  which  meteorologic  records  have  Ikhmi 
made  are  Orca,  45  miles  to  the  northwest;  Nuchek,  70  miles  to  tho 
west;  Fort  Liscum,  90  miles  to  the  northwest,  and  Sitka,  400  miles 
to  the  southeast  of  Katalla. 

All  of  these  stations,  as  well  as  the  region  here  de.scribed,  are  in- 
cluded in  what  Brooks  and  Abl)e ''  have  designated  the  ''  Pacific  coast 


«Brooks«  A.  II.,  and  Abbe,  C,  Jr.,  General  climatolojjy  of  Alaska: 
Geol.  Survey  No.  45,  1906.  pp.  148-149. 

21808~-BulL  335— OS 2 
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cHuiJitic  province/'  which  i^i  charadenzed  by  h<?a\y  rainfall  and 
(♦loud}*  weather  nntl  liy  modLTate  winter  and  low  summer  tenn>Grn- 
tnroH.  General  conditions  throughout  tlm  proHnce  arc  well  illnw- 
tnit^nl  in  thi}  followin|r  tables,*"  fxivin^  tlie  lomperatures  and  raLnfall 
at  Orea,  Nuchek,  P'ort  Liscum,  and  Sitka: 

Trm it frti I ii rr  { " l'\ )  nt  */ a t Um^  a rart 'm t  f  a n t roll vr  B§i y. 


HaximuM. 

Minimuin. 

Meim 

^ 

1 

d 

« 

j 

■51 

1 

1 

4 

I 

i 

1 

1 

Jttiiuftry  ,,.,1, .,^.k«.^**.,n.,«4.b.* 

61 

m 

m 
li 

ffr 

m 

49 
47 
46 

H 
Ttl 

7ft 
41 

10 
15 

W 
72 

M 

4? 

t 

7» 
77 
70 

b& 
45 

41 

-    I 

as 

T 

J? 

27 
SO 

as 

47 
46 

1^ 

& 

S3 
40 

-^14 

-12 
-  S 

25 

3i( 

an 

S4.3 
33,0 

»7.a 

4L9 
4«.» 
61.6 
51.4 

35.  e 

30.1 

40.0 
44,6 

57.6 

&112 
40.3 

LH*.  4 

2!t.^ 

Fchruary  ^«i.^-. ^-^-i^, -x.^. 

Ti.S 

Murvh „,„„..,„., 

90.^ 

April ,.-,,,-„.«*...„.,.. 

81.6 

MliY.  — ,.„..,. -_*_^, 

lt!».4 

JntK*  *__,,,,*,*,,.,-,*,,♦,»,,*•** 

4».fl 

Jllly^ ..,..--„,„_. 

£0  & 

jAl]gl1jit     ...««..*,,...,*,.....«.    T.. 

46.0 

Scpletnber. .. ,_.  _ ^*^  ..^ 

2fi 

ryi  3 

OMobor  .,,,,,,*-*.,^-„.-..,  .,- 

IS    4ri,T 

0     39,S 

-la    fitLO 

Kovember ..„....,,.., 

ai.« 

Thic>ycJir ,„„., 

B7 

W 

SO 

79 

^1 

%0 

2 

-14 

41.5 

«,2 

"  Xnvi-mlM-r.  INflT.  io  M;iy.  1ST7:  April,  ISHl,  to  S(*pt^mbor.  1887;  Joly,  1M>^<,  t-^  ivtim- 
arv.   ISOO;   May.   ISJM).  to  l)ecem1)er.   HH)L'. 
'•October,   issa.  to  August  ."U,  1.SH4. 
'  Hrokon  record  from  Juno.   1.S90.  to  October,   1005. 
•*  January,    1901,   to   December,   lOOli. 

Prcciiniution   at  statitnis   nc(tr<\si    Controller  Ban. 


Number  of  (lays  with  rain  ex-     Rainfall     (incbuiiiipr     molted 
coodinj?  0.01  incli.  snow),  inches  per  month. 


.Tanuary 

Febrnarv  . . 
March  .'.... 

.April 

May 

.luuo 

.Inly 

August 

Sf|.t(>iiiber  . 

(>cl(»bcr 

N<»voinl)or  . 
Doccinher.. 


IS.  ( 
IJ.  ( 
If). 
IH. » 


s.O  I 
•Jl.O  ' 
is.o 
Is.  5 
1(». .-)  . 
is.o  ' 
l.l.O 
I'.t.  (I 


11.0 
0  7 

11.7 
ISO 
10.7 
10.  s 

u.s 
11..^ 
■i\/i 
!:■;.  (I 

11.7 


11.  :> 
*t.  0 
v<.  0 


21  A) 

11.:. 
]:!.0 

1 75.  0 


IJ.  17 
7.  17 

r..70 

5.61 

•1.17 
H.  81 

\K  Cu 
1 1 .  IH) 
0.  SO 
7.  SI 


27. 07 
'.>.  15 
18.  0*2 
1(5.  i^ 
IS.  92 
4.17 
9.  93 
11.  IS 
2J.  9<i 
'21.50 
10.51 

ir..si 


12.  .58 

9.  67 

7.49 

1.01 

18. 69 

5.54 

12.70 

4.50 

12.06 

2.26 

5.  .55 

0.  6S 

4.  65 

4.21 

14.35 

12.  3S 

15.26 

14.22 

21 .  53 

11  25 

9.97 

6.  63 

14.52 

5.  ^h 

.10 


1W.09  1  149.33 


"("onipilod  frnin  i-<>p(iils  <.f  voluntary  (.l.scivcrs  .,f  tln>  woallior  bureau  of  Alaska  as 
published  in  the  reports  (.1"  Prof.  C.  C.  ( b'oi'Lr.'son  on  aLrrienltnral  investijiations  in 
Alaska. 

''  \(.veniber.  Istu.  to  .May.  ls77;  April.  ISSI.  to  SepteinlxM-.  lss7;  .lulv.  ISOS.  to  PVbru- 
ary.    1S!»I>:    May.    ISDP.   to   Kecember.    1P02. 

'  ()rt(.lier.    iss:;.  to  Au-nst  .•'.!.    issi. 

■'  I5r<.k»'ii  i-ec'.i-d  ir-.m  .Inin-.   isPP.  I..  ()<|obei-.   l!'n.5. 

*•  .Fannaiy.   ItM)].  to  l)e<-eniber.   lltni'. 
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Monthly  temperature  and  precipitation  at  Orca  from  June,  1899,  to  October, 

1905. 


January,  6  years 

Februanr,  6  years. . . 

March,  5  years 

April,  B  years 

May,  2  years 

June,  2  years 

July,  8  years 

August.  4  years 

September,  5  years. . 

October,  6  years 

November,  6  years  . 
December,  6  years.. 


Term  of  record  . . . 
Average  for  year . 
Total  for  year 


Temperature  (°F.). 


Precipitation. 


Extremes  for 
term  of  record. 


Averages  by  months. 


Maxi- 
mum. 


Mini- 
mum. 


Maxi- 
mum. 


Mini- 
mum. 


L 


90  I 


44.0 

41.3 

58.0 

64.0 

68.0 

80.0 

83.0 

76.25 

75.0 

56.3 

46.0 

45.2 


i 


11.2 
16.3 
12.0 
27.3 
29.0 
36.0 
40.7 
41.5 
34.8 
28.8 
20.0 
13.0 


Mean. 


25.90 
30.07 
34.47 
40.04 
44.81 
52.35 
57.63 
55.83 
52.23 
40.30 
81.78 
29.43 


41.24 


Days 
with  rain 
or  snow. 


14.0 
9.7 
16.7 
14.7 
18.0 
10.7 
10.8 
14.8 
14.5 
21.2 
13.0 
14.7 


172.8 


Amount 
(inches). 


12.  58 
7.49 
18.69 
12. 70 
12.06 
5..=S5 
4.65 
14.35 
15. 26 
21.5;i 
9.97 
14.52 


149. 33 


These  tables  show  a  maximum  of  precipitation  and  of  winter  tem- 
perature and  a  minimum  of  summer  temperature  on  the  seaward 
border  of  Prince  William  Sound  in  the  vicinity  of  Nuchek  and  Orca. 
The  precipitation  becomes  gradually  less  and  the  range  of  tempera- 
ture greater  away  from  the  open  sea,  as  is  shown  by  the  very  much 
decreased  rainfall  and  the  slightly  cooler  summer  and  much  colder 
winter  temperatures  at  Fort  Liscum.  In  the  direction  of  Sitka  the 
change  consists  of  a  decrease  in  rainfall,  with  higher  summer  and 
lower  w  int€r  temperatures. 

The  climatic  conditions  on  Controller  Bay  probably  differ  little  if 
any  from  those  at  Orca  and  Nuchek.  The  rainfall  is  enormous,  possi- 
bly even  rivaling  that  at  Nuchek  and  Orca,  where  there  are  records 
of  198  and  143  inches  of  precipitation  insingle  years.  May  and  June 
are  sometimes,  but  not  always,  somewhat  drier  than  the  rest  of  the 
summer.  There  is  almost  invariably  clear  weather  with  and  follow- 
ing a  west  or  southw^est  wind,  and  rainy  weather  with  an  east  wind. 
The  severe  storms  all  blow  from  the  east  and  northeast. 

VEGETATION. 

The  vegetation  of  this  region  is  closely  related  to  its  topographic 
features.     The  three  following  types  may  be  recognized : 

Swamps  and  meadows :  These  are  developed  upon  the  alluvial  flats 
and  their  growth  consists  predominately  of  grass  and  small  bushes. 
Trees  are  restricted  to  wullow^  and  cottonwood  on  the  borders  of  the 
watercourses,  and  spruce  and  hemlock  on  the  drier  sandy  places,  such 
as  abandoned  beaches  and  watercourses. 

Evergreen  forests:  Spruce  and  hemlock  predominate  in  the  denser 
forests,  which  are  located  on  the  lower  slopes  of  the  hills  and  moun- 
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tains.  They  extend  from  the  edge.s  of  the  alluvial  iluiH  to  an  eleva- 
tion of  800  to  1,000  feet,  where  they  l>egiii  to  gradually  thin  ouL  The 
interspaces*  between  the  gi  oups  and  areafs  of  trees,  which  widen  toward 
the  higlier  altitudes,  are  fiHed  with  gras;^  ami  with  dense  thickets  of 
alder  and  willow.  The  general  upper  limit  of  the  forest.s  in  at  an 
altitude  of  alK)Ut  1,200  feet,  and  the  extreme  upper  limit  of  good 
trees  h  1,700  feet*  The  trees  on  the  lower  slopes  are  very  large  and 
densely  spaced,  and  the  quality  of  tlu-  lunilwr  is  fair. 

Moimtain-top  ve'getation :  The  upper  AitymH  and  munmit  of  the 
hilts  and  niountains  ab(ive  the  tr**e  line^  as  tlefined  above,  are  partly 
bate  (t^e  PL  IV,  ^1*  p,  10)  utuI  partly  i*overed  with  grass,  siuall  heriw 
and  bn.shes,  and  stunted  alders  and  spruce.  It  is  worthy  of  note  that 
vegetation  of  this  type  desi-ends  far  lower  in  this  region  than  is  usual 
in  this  latitiule.  The  importance  of  this  chanictei'istic  lies  in  the 
fuct  that  it  re.stricts  the  area  of  valuable  timber  and  affords  easy 
travel  in  considerable  areas  above  timber  line, 

SETTLEMENTS, 

The  post-office  and  chief  trading  center  for  the  entire  Controller 
Bay  region  is  K alalia,  which  is  situated  on  the  shore  of  Katalla 
Bay  and  is  now  the  landing  place  of  the  steamers,  Chilkat,  near  the 
month  of  Bering  River,  is  a  mixed  settlement  of  wliites  and  natives 
and  is  a  stopping  place  on  the  way  up  the  river  to  the  coal  field.  The 
town  of  Kayak,  on  Wingham  Island,  which  was  formerly  a  post-office 
and  steamer  landing,  is  now  practically  abandoned.  There  are  no 
other  settlements  except  the  camps  of  the  various  coal  and  oil  com- 
panies, which  are  scattered  throughout  all  parts  of  the  region. 

TRANSPORTATION. 
EXISTI  N(;    FACILITIES. 

The  only  communication  with  other  regions  is  by  water.  Katalla 
is  a  regular  stopping  place  for  steamers  from  Seattle  to  Valdez  and 
Seward,  there  being  five  or  six  boats  a  month.  The  voyage  from 
Seattle  to  Katalla  recpiires  three  and  a  half  to  four  days  *"•  outside 
route "  or  seven  to  eight  days  ''  inside  route "  via  Juneau.  The 
nearest  large  towns  are  Juneau,  which  is  from  two  to  three  days' 
journey  to  (lie  cast,  and  Valdez  and  Seward,  which  are  from  ten  to 
eiglitiHMi  hours  and  from  twenty- four  to  thirty-six  hours,  respectively, 
to  tlic  west.  Tliere  are  telegi-aph  and  cable  offices"  at  these  towns. 
Valdez  and  tlie  othei'  Pi-ince  Willinni  Sound  i)0]'ts  can  also  be  reached 
by  crossing  (he  Cop|)er  Delta  in  a  small  boat  to  Orca,  a  two-dav 
journey,  from  which  place  there  is  regular  an<l  frequent  communica- 

"  rians  :iro  also  uiidor  way   to  counect   Katalla  with   the  existing  cable. 
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tion  with  Valdez  and  the  other  Prince  William  Sound  towns  hy 
launches,  in  addition  to  the  ocean-steamer  service. 

There  is  regular  transportation  of  passengers  and  freight  from 
Katall^  to  all  parts  of  Controller  Bay  and  to  Bering  Lake  by  launches, 
and  much  of  the  rest  of  the  region  is  accessible  by  means  of  canoes. 
Bering  River  as  far  as  the  mouth  of  Canyon  Creek,  Stillwater  Creek, 
Shepherd  Creek,  Gandil,  Nichawak,  and  Katalla  rivers,  and  others 
of  the  larger  streams  are  navigable  for  canoes  and  poling  boats. 
Most  of  the  local  transportation  is  consequently  effected  in  this  way. 

Land  travel  is  not  practicable  except  where  trails  have  been  built, 
because  of  the  dense  vegetation,  the  swampy  character  of  the  flats, 
and  the  large  number  of  streams.  Most  of  the  trails  are  indicated  on 
the  maps  (Pis.  II,  V,  VIII).  The  most  important  of  these  trails 
include  those  from  Katalla  to  Mirror  Slough,  from  Katalla  along 
the  beach  to  Strawberry  Harbor  and  to  the  head  of  Katalla  Slough, 
from  the  mouth  of  Bering  River  to  the  head  of  Katalla  Slough 
(which  is  practically  a  well-built  wagon  road),  from  the  mouth  of 
Dick  Creek  to  Lake  Tokun,  from  Canoe  Landing  up  Shepherd  Creek 
to  Lake  Charlotte  with  a  branch  from  Carbon  Creek  across  Kush- 
taka  Ridge  to  Kushtaka  Lake,  from  Canoe  Landing  direct  to  Kush- 
taka  Lake,  from  the  mouth  of  Stillwater  Creek  to  Lake  Kushtaka 
with  branches  up  Clear  and  Trout  creeks,  from  the  mouth  of  Still- 
water Creek  up  Canyon  Creek,  and  across  Carbon  Mountain  to  First 
Berg  Lake.  From  this  last  point  the  shores  of  Berg  Lakes  (see  PI. 
VI,  A^  p.  46)  and  a  portion  of  the  surface  of  Bering  Glacier  affords  a 
highway  into  all  the  valleys  opening  on  the  lobe  of  Bering  Glacier, 
which  borders  the  five  Berg  Lakes.  Other  shorter  trails  reach  prac- 
tically all  the  camps  which  are  not  accessible  by  water.  Short  tram- 
roads  have  been  built  from  the  head  of  Katalla  Slough  and  from  the 
mouth  of  Redwood  Creek  to  neighboring  oil  wells  and  from  Canoe 
Landing  to  a  coal  opening. 

RAILWAY    ROUTES. 

Reference  has  already  been  made  (p.  15)  to  the  railway  surveys 
which  have  hitherto  been  made  or  which  are  in  progress.  The  object 
of  these  proposed  roads  is  to  make  the  Bering  River  coal  accessible 
for  shipment,  or  to  provide  a  route  «  to  the  copper  deposits  and  other 
resources  of  the  Copper  River  region,  or  both.  The  conditions  whieli 
will  govern  the  selection  of  the  route  include  the  character  of  the 
harbor  at  the  terminus,  the  cost  of  construction  and  operation  of  the 
road,  and  the  prospective  freight  tonnage. 

«  Brooks,  Alfred  H..  Railway  routes:  Bull.  U.  S.  Ceol.  Survey  No.  284,  1000,  pp.  10-17  ; 
Railway  routes  in  AlaBka  :  Nat.  Oeog:.  Maj?.,  1J>07,  pp.  10-11)6. 
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The  hfirbors  win  eh  \u\\\*  l^eeii  txnisidereil  by  the  varimit^  iutei"ests 
purposing  to  builtl  a  railroad  uicliide  Ctmtrollt^r  Bay,  Katalla  Bay. 
the  islieltor  nifi^nhHl  by  Fnx  iuu\  Wliah'  isliincl,-;,  and  Oreii  Bay* 

Controlk^r  Bay  givQs  ^oud  shelter  for  large  vessels,  Vnit  is  often 
too  rough  for  small  lx>ats*  The  anchorage  is  good  and  the  channel 
deep,  but  tlie  dt*ep  water  in  a  long  diKtanre  from  shore.  The  liroad 
shoals  which  bonier  the  bay  on  the  north  and  eant  sides^,  the  hiek  of 
shelter  for  small  l>oats  in  the  steamer  anehoragt*,  arid  the  fact  that 
the  bay  is  more  or  less  filled  witli  iee  in  severe  winters  all  coimt 
agahist  Controller  Bay  as  a  railway  terminus,  although  its  use  is 
admitted  to  be  possible. 

Katalla  Bay  lias  sufficient  depth  of  ivater,  good  anchorage^  and  is 
entirely  free  fnjm  iee  in  all  seasons*  It  is  oi.H*n  lietween  the  south  and 
southwest  J  but  has  good  shelter  from  the  north  and  east.  Inn^uuch 
as  all  severe  storms  come  locally  from  the  east  and  tujrtheast,  it  is 
claimed  l>y  many  that  Katalla  Bay  in  its  i)resent  condition  is  a  goixl 
harbor  and  that  steamers  could  tiC  to  wharves  in  it  under  all  condi- 
tions. The  deej)' water  anrhorage  is  not  safe  for  small  Ijoats  in  bad 
weather  J  but  Katalla  River  and  Slough  give  perfect  shelter  and  can 
usually  be  entered  at  high  tide  by  anything  drawing  less  than  10  feet, 
although  the  bar  is  often  dangerous  for  open  l>oals  exc€^pt  at  floml 
tide.  Plans  have  lM*en  made  to  build  breakwaters  which  will  give 
shelter  from  all  directions  at  the  proposed  wharves."  Katalla  Bay  is 
perfectly  practicabh*  as  ji  harbor,  provided  that  severe  storms  rlo  not 
come  from  the  sonthwest  or  west,  or  tlmt  breakwaters  can  be  built  at 
i^asonable  ciist. 

Fox  and  Whale  islands  give  good  shelter  except  from  the  southwest 
and  west,  and  have  deej)  water  close  to  tlie  islands.  The  pro[>osed 
plan "  is  to  connect  Whale  Islaiul  with  the  mairdand  by  a  causeway 
(this  interval  is  dry  at  half  tide)  and  to  build  wharves  from  tlie  weist 
shore  of  Whale  IshuuL  A  further  suggestion  is  to  build  l>reakwatei"s 
connecting  IVhale  and  Fox  islands  and  westward  from  the  latter. 
This  proposition  is  similar  to  that  at  Katalla  Bay,  except  that  deep 
water  is  nearer  shore  at  the  islands,  but  the  area  of  natural  shelter  is 
smaller.  Here,  as  at  Katalla  Bay,  it  is  a  question  of  safety  from  possi- 
ble southwest  storms  anil  of  cost  of  breakwaters, 

Orca  Bay  is  a  gooil  harbor,  Ijeing  large,  deep,  and  perfectly  sliel- 
tered-  No  harlx>r  improvements  would  l>e  necessary,  except  tnioys  and 
wliarves.  Its  disadvantage  as  a  harlxjr  lies  in  its  distance  from  the 
open  sea,  the  entnince  being  around  Cape  Ilincliinbrook  (see  PL  I)* 
As  far  as  its  possible  use  as  port  for  the  Controller  region  h  con- 
cerned, it  has  the  further  tlisadvantage  of  distance  by  rail.  This 
point  will  be  discussed  later  (pp.  ii3-24). 
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EOUTES. 

The  possibilities  of  railway  construction  from  any  of  the  above- 
mentioned  local  harbors  to  the  Bering  River  coal  fields  are  well  shown 
on  the  accompanying  topographic  map  (PL  II,  pocket),  and  are  also 
indicated  by  the  lines  of  levels  represented  by  the  list  of  bench  marks 
on  page  13. 

It  can  readily  be  seen  from  the  map  that  grades  are  insignificant 
and  that  the  only  problems  will  be  those  connected  with  ballasting 
and  bridges.  The  broad  alluvial  flats  are  swampy  and  are  underhiin 
by  muck,  consequently  much  ballast  and  ditching  will  be  necessary. 

A  road  from  either  harbor  «  in  the  vicinity  of  Katalla  to  the  coal 
field  will  naturally  follow  the  broad  valley  of  Katalla  River,  cross  the 
65-foot  (more  or  less)  divide  to  Bering  Lake,  and  trestle  or  fill  across 
Bering  Lake  (which  barely  exceeds  5  feet  in  greatest  depth  and  is  for 
the  most  part  much  shallower).  The  bridges  over  Shepherd,  Still- 
water, and  Canyon  creeks  will  be  small,  but  severe  floods  must  be  al- 
lowed for  in  building  abutments. 

If  Controller  Bay  is  used  as  the  harbor  the  wharves  might  be  built 
either  from  the  south  end  of  Kanak  Island  or  from  the  east  shore  of 
the  bay.  In  the  former  case  a  long  bridge  must  be  built  to  the  main- 
land. The  road  could  then  go  by  the  Katalla  Hiver  route  already  de- 
scribed. From  wharves  on  the  east  shore  of  the  bay  the  road  would 
naturally  cross  the  flats  on  the  east  side  of  Bering  River  to  a  point 
opposite  Shockum  Mountains.  A  large  amount  of  ballasting  would 
be  necessary  on  these  swampy  flats  unless  the  road  is  located  well  to 
the  east,  where  the  flats  are  made  up  in  part  of  sand  and  gravel. 
Many  bridges,  most  of  them  small,  would  be  required,  the  largest  be- 
ing over  Bering  River. 

A  railway  from  this  region  into  the  interior  would  either  go  west 
from  Katalla  along  the  ocean  shore  and  up  the  east  side  of  the  Cop- 
per delta,  or  would  go  up  Shepherd  Creek  (see  Pis.  I  and  IT), 
over  the  350-foot  pass  northwest  of  Lake  Charlotte,  and  down  the 
valley  of  Martin  River  to  the  Copper.  Neither  will  encounter 
great  difficulties  until  the  site  of  the  proposed  ^  Copper  River  bridges, 
at  Miles  and  Childs  glaciers,  is  reached.  The  construction  of  bridges 
over  glacial  streams  must  always  be  a  problem. 

The  route  from  Orca  ^  to  the  coal  field  follows  the  foot  of  the 
mountains  on  the  west  side  of  Copper  Delta  until  the  bridge  site, 
mentioned  above,  is  reached.  It  would  then  follow  the  route,  de- 
scribed above,  from  Copper  River  to  the  (;oal  field.  The  disad- 
vantages of  this  route  consist  in  its  length  and  its  crossing  Coppei- 

•  A  railroad  from  each  of  these  harbors  was  begun  in  1007. 

»  Brooks,  Alfred  H.,  Railway  routes:  Hull.  U.  S.  (leol.  Survey  No.  284,  10(M],  i>p.  i:5  l'.; 
Railway  routes  in  Alaska:  Nat.  Goog.  Man.,  1907,  pp.   182,  100. 

'^  Construction  was  begun  on  a  railroad  from  Cordova,  a  new  town  situated  near 
Orca,  in  1006. 
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River,  A  vond  frnni  Orca  to  th(>  interior"  would  cvmH  CoppcM*  River 
twiei^  wliilo  TMn^  (rum  n  local  harl>or  wuiild  erow^^  it  but  oiai!  to  reach 
tlio  iiiu^rior. 

All  tlu*  fjlans  c^jiisidercd  iiUnv  are  pOBsible,  and  tli<?  choic<»  niii^t 
de[w.^rid  *m  (|u<*slioiis  of  ci>st,  iiH/luding  iMjtli  tlie  actutil  eosi^t  uf  uptTat' 
iiig  the  road  and  th©  interest  on  the  original  iuve^stmenl.  There 
are  im  diflienlties  connectetl  with  building  a  railroad  from  any  |K>int 
oil  Conti^^ller  Bay  or  Kutalhi  Bay  to  tht*  txial  liehK  and  the  projeets 
for  a  road  from  Orca  to  th«  coal  field  or  fnan  either  terminus^  into 
the  interior  present  no  gi*enter  ditricnHies  than  have  Ixm^u  overenino 
elsewhere.  The  important  faelors  in  tht^  problem  an%  on  otu^  hand, 
the  relative  merit-s  of  a  loenl  harbor,  qncHtions  of  deptli  of  water, 
holding  groomh  shelter  from  >!torms  and  fmm  iee.  atji!  wst  of  itn- 
proven^ents  [)eing  eonsidered;  and^  u\i  (he  olher  hand,  the  cont  of  n 
longei'  road  to  a  ptinsibly  Iwttar  harlx>|;  farther  west. 
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GENERAL    FEATURES. 

The  general  sucet^j^ion  nf  rocks  in  thiB  region  in  s^hown  in  the  fol- 
lowing tnble: 


Ago. 


CiimttTnury. 


Tcrtiarv  or  hitrr. 


F'oriimtion  name. 


ChuractiT  of  rocks. 


Streiiin   (U'po.sit.s.  j)rob»ibly   in   part  uii- 
-  <h'rhiin  by  iimriiu'  si'diments, 
Si'ilimt'iits  aii<l   al)uii<loiRMl   beaches    of 

glacial  lakes. 
Morainal  <k'iM)sits, 
Marine  silt  and  clav. 


Diabase  an«l  l>asalt  <likes. 


Tokiiii  formation. 


Sandstone 
Sbaie. 


Thieknes.s. 


Fr,t. 


100 


f.00 
•2,000  + 


Tertiary 


Kii>btaka  idrniatioM.      Arkosc  with  n)any  coail  beds.  2,500± 

Stillwater  formation.      Shale  jiiid  siiiidstonr.  I  1.000*. 


Coii^'lomerMtes,     and     sandstom-s     and  I 

>h}i]ev,  sonji' of  which  are  conglouuT-  I 

a  tie.  !  i».500 

Sandstone.  '  r>00 
Sliale,   e<»ncretionarv  and   witli   a  ghiti- 

(onitie  bed  at  tie-  ba-e.  {  '2,000 

Sandstone.  |  l.tXH) 

Shale.  I  500  + 


Katalla  formation. '- 


rr.-'icrtiarv . 


<  ira> wackc.  slatrs.  and  igneous  nn-ks. 


"  i;r..oks,  Alfred  II..  h.e.  cil. 

''The  position  of  the  Katalhi  formation  with  refrMt-nee  to   the  (dlier  Tertiary  formations 
is  ijnt  (loliiiitcly  estalilished.      See  discussion   on   pp.   :\~    11. 
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As  the  surface  of  the  country  is  about  equally  divided  between  flat 
lowlands  and  hilly  districts,  so  also  the  area  of  rock  is  equally  divided 
between  unconsolidated  alluvial  deposits  and  indurated  complexly 
folded  rocks.  The  geologic  features  in  this  respect  exactly  coincide 
with  the  topographic  features,  the  hard  rocks  being  entirely  re- 
stricted to  the  hilly  areas  and  the  alluvium  to  the  flats. 

The  hard  rocks,  except  two  areas  of  metamorphosed  pre-Tertiary 
deposits  and  the  dikes,  are  Tertiary  sediments  largely  of  marine  or- 
igin. They  have  been  completely  indurated,  and  involved  in  com- 
plex structural  disturbances  in  which  close  folding  and  faulting  of 
diverse  character  have  taken  part.  Igneous  intrusion  has  taken  place, 
but  has  played  a  small  part.  Both  the  intensity  of  the  folding  and 
the  abundance  of  dikes  are  greatest  in  the  northeast  part  of  the  dis- 
trict toward  the  high  mountains. 

NEIGHBORING   PROVINCES. 

As  this  province  is  topographically  a  foothill  region  on  the  edge  of 
the  Chugach  Mountains,  so  in  its  stratigraphy  and  structure  it  par- 
takes of  the  general  geologic  conditions  bordering  that  mountain 
range. 

The  Chugach  Mountains «  consist  of  closely  folded  slates,  schists, 
and  gneisses,  with  large  intrusive  masses  of  granitic  rocks.  The  de- 
tailed structure  and  stratigraphic  succession  are  not  known.  In  the 
Prince  William  Sound  region  the  rocks  consist  of  two  metamorphosed 
sedimentary  groups,^  the  Valdez  "  series  "  and  the  Orca  "  series,"  of 
undetermined  but  probably  Paleozoic  age.  The  latter  is  associated 
with  greenstones  derived  from  basic  lava  flows.  Granitic  masses  and 
other  intrusives  are  represented.  In  the  Mount  St.  Elias-Yakutat 
Bay  region  ^  the  rocks  composing  the  high  mountains  comprise  crys- 
talline rocks,  including  schists  and  gneisses  of  undetermined  hut  i)rol)- 
ably  early  Paleozoic  age,  granitic  intrusives,  slightly  altered  sedimen 
tary  rocks  (Russell's  "  Yakutat  system '')  of  disputed  age,  but  prob- 
ably Mesozoic  or  late  Paleozoic,  and  late  Tertiary  or  post-Tertiary 
sediments  (Russell's  "  Pinnacle  system  "). 

•  Brooks,  Alfred  H.-,  The  geography  and  geology  of  Alaska  :  Prof.  Paper  U.  S.  Oool. 
Survey  No.  45,  1906,  pp.  29-32,  227-228,  253-256.  Schrader,  F.  C,  and  Spencer,  Arthur  C, 
The  geology  and  mineral  resources  of  a  portion  of  the  Copper  River  District,  Alaska.  A 
special  publication  of  the  U.   S.   Geol.   Survey,  1901,   pp.   32-39. 

•Schrader  and  Spencer,  op.  cit.  Grant,  U.  S.,  Copper  and  other  mineral  resources  of 
Prince  William  Sound :  Bull.  U.  S.  Geol.  Survey  No.  284,  1006.  pp.  70-80. 

'Russell,  I.  C,  Nat.  Geog.  Mag.  vol.  3,  1890,  pp.  130-131,  140,  1G7,  170;  Twentlelli 
Ann.  Rept  U.  S.  Geol.  Survey,  pt.  2,  1893,  pp.  24-26,  34,  52,  30.  Novarese,  Inge  Vittorio. 
Rocks  and  minerals  of  south  Alaska:  The  ascent  of  Mount  St.  Ellas,  Appendix  E,  ll>()0, 
pp.  232-239.  Tarr,  R.  S.,  The  Yakutat  Bay  region  :  Bull.  tf.  S.  Geol.  Survey  No.  2S4, 
1906,  pp.  61-63;  Glacial  geology  and  physiography  of  the  Yakutat  Bay  region  with  a 
chapter  on  the  bed-rock  geology  (in  press).  Blackwelder,  Eliot,  Reconnaissance  on  the 
Pacific  coast  from  Yakutat  to  Alsek  River :  Bull.  U.  S.  Geol.  Survey  No.  314,  1907,  pp. 
82-87. 
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The  nainro  of  the  rocky  in  tlml  part  of  the  iiiouiitain  Ijelt  which 
Ii<3s  iiiiiiieiliutcly  iH^hind  the  Controller  Bay  it^gion  i^i  nut  known,  ^- 
t^(*l)l  as  the  ^Irtcior^  brin^  nut  fm^meiitH  oirn  variety  of  gnuulie  rock%H 
bciiist^,  gneisses,  luul  greenstone.  ™ 

The  t'hamcter  i>f  tlu*  cnntael  of  the  I'ucks  of  the  high  mountains 
witli  thi>.se  of  the  lower  eotistal  l>elt  is  known  only  in  Yakntsit  Bay 
region,  where  BusseJl  autl  Ttirr  report  the  course  crystallines  as  sepa- 
rate<l  fi'om  the  sedimentary  rueks  south  of  them  by  a  fault.  At  the 
bnse  of  Mount  St,  Klins  the  erystaj lines  are  overt hrti^t  upon  tho 
younger  rock>.  The  contact  lias  not  been  studied  between  Mount  St- 
Elias  and  Copper  Riven  m^  most  of  the  ivgiun  has  not  been  visited, 
while  in  the  vicinity  ttf  Ctintrr^lhT  Bay  the  contact  lies  beneath  gla- 
ciers* On  Prince  William  Sound  the  high  mountains  run  out  into 
the  sea  and  tlie  coastal  fot?t hills  are  absent. 

Tfie  Tertiai'V  rocks  of  the  Controller  Bay  region  extend  eas^tward 
l)eneath  Bering  glacier,  and  similar  l>edB  appear  on  I  he  coast  half 
way  lK4wetni  Controller  and  Yakut  at  bays  at  Cape  Vaktag,  whera 
gently  folded  slmles  iind  sandstones  have  i)een  described "  an  outcrop- 
ping in  an  anticline  near  and  parallel  to  the  coast. 

DESCRIPTION  OF  THE  ROCKS, 

I>RH-TF.RTTARy. 

The  metamorphic  rocks  of  the  Controller  Bay  region  outcrop  in 
two  areas.  One  of  these  covers  all  of  Wingham  Island  exce})t  the 
narrow  southeast  point.  The  other  is  west  of  Katalla  in  Ragged 
Mountain  and  in  tlie  low  hills  between  it  and  the  Copper  Delta.  The 
rocks  consist  of  black  slates,  having  well-develo})ed  cleavage,  gmv- 
wacke,  cIuMt,  a  variety  of  highly  colored  fine-grained  rocks  of  un- 
certain origin,  and  greenstone  and  other  igneous  rocks  which  probably 
include  both  bedded  and  intrusive  masses.  The  observed  contacts 
with  tlie  Tertiary  rocks  are  faults,  and  these  rocks  are  })robal)ly  in 
both  areas  overt h rust  ujmn  tlie  Tertiary  sediments. 

The  amount  of  metamorphism  which  these  rocks  have  undergone 
as  compared  with  the  Tertiary  rocks,  wliich  thougli  in  direct  contact 
Avith  them  are  entirely  unmetamorj)hosed,  proves  a  nuich  greater  age 
for  the  former  and  a  great  unconformity  between  them  and  the  Terti- 
ary I'ocks.  Th(»  only  fossils  which  haAe  been  discovered  are  numerous 
but  poorly  preserved  (rhthif/crinK  indetei'miuate  s[)ecies.  The  occm*- 
reuce  (d*  (rloltiffi  r'nia  (assuuiiiig  that  the  lower  I'auge  of  (rlohif/ct  'nui 
has  been  iinally  determined)  shows  the  rocks  lo  be  j^ost-Carboniferous. 

"  Spurr.  .1.  i:..  A  rcconii.-iissancc  in  soiit liwf'stcni  Alaskn  in  1SI»S:  Twontioth  Ann.  U«*pt. 
r.  S.  (icol.  Siiivry.  i)t.  7.  ]'.>()(».  p.  -MW.  Martin.  (J.  ('..  'V\\v  pel  loioum  fields  of  the  Pacitir 
coast  of  .Maska.  with  an  acronnt  of  the  Urrinu  I{ivcr  (•i)ai  d. -posits  :  Uull.  V.  S.  lu'ol. 
Survi-y  No.  LT.(».  11M».-,.  pp.  lm;  "JT  :  Th.'  Cap.-  Yaklau  placcis  ;  Uull.  V.  S.  (Jeol.  Survey  No. 
iTi'J.     llH»."i,    pp.    ss    ,S'.>. 
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while  the  degree  of  metamorphism  shows  them  to  be  pre-Mioceiie. 
.More  definite  evidence  of  their  age  is  lacking. 

The  lithologic  similarity  of  these  older  rocks  to  certain  rocks  at 
Orca,<*  Kodiak,^  and  Yakutat  Bay,*'  is  suggestive  of  a  possibly  corre- 
sponding age. 

The  correlation  ^  of  the  rocks  at  Orca,  Kodiak,  and  Yakutat  is,  in 
the  writer's  opinion,  not  positively  established,  while  their  reference  ^ 
to  the  Lower  Jurassic  is  based  upon  evidence  which  he  regards  as 
both  insufficient  and  open  to  a  differenf  interpretation  from  that 
which  has  been  drawn  from  it.  The  weight  of  the  existing  evidence 
concerning  the  age  of  the  slaty  rocks  of  the  coast  of  the  Gulf  of 
Alaska  from  Yakutat  to  Kodiak  is,  in  the  writer's  opinion,  that  they 
are  almost  certainly  older  than  the  Upper  Triassic,  and  are  probably, 
in  part  at  least,  late  Paleozoic.  The  fragmentary  evidence  on  the  age 
of  the  slate  and  graywacke  of  the  Controller  Bay  region  suggests  that 
these,  too,  may  belong  in  the  same  general  stratigraphic  position. 

TERTIARY. 

KATALLA  FORMATION. 

DESCRIPTION. 

The  Katalla  formation  occupies  the  hilly  area  south  of  Bering 
Lake  between  Bering  and  Katalla  rivers  and  the  low  hills  between 
the  base  of  the  steep  eastern  slope  of  Ragged  Mountain  and  Katalla 
River.  Rocks  which  are  probably,  in  part  at  least,  equivalent  to 
these  outcrop  in  Gandil  Mountain,  Nichawak  Mountain,  Mount 
Campbell,  and  the  neighboring  small  hills  of  the  Nichawak  region, 
on  Kayak  Island  and  on  the  southeast  point  of  Wingham  Island, 
in  the  low  hills  west  of  Bering  Lake,  and  possibly  in  parts  of  the 
region  north  and  northeast  of  Bering  I^ake. 

The  bulk  of  the  formation  is  composed  of  soft,  dark,  argillaceous 
shciles,  in  places  with  many  limestone  concretions  and  with  at  least 
one  bed  of  glauconitic  sand. 

•  Schrader,  F.  C,  and  Spencer,  Arthur  C,  The  geology  and  mineral  resources  of  a  por- 
tion of  The  Copper  River  district,  Alaska,  a  special  publication  of  the  U.  S.  Geol.  Survey, 
1901,  pp.  SS—iO.  Brooks,  Alfred  H.,  The  geography  and  geology  of  Alaska:  Prof.  Paper 
U.  S.  Geol.  Survey  No.  45,  1906,  pp.  225-230.  virant,  U.  S.,  Copper  and  other  mineral 
resources  of  Prince  William  Round :  Bull.  V.  S.  Geol.  Survey  No.  284,  190(5,  pp.  79-80. 

•  Brooks,  Alfred  H.,  loc.  cit.  Ulrlch,  E.  O.,  Fossils  and  age  of  the  Yakutat  formation  : 
Harrlman  Alaska  Expedition,  vol.  4,  1904,  pp.  125-146. 

''Ulrich,  E.  O..  loc.  cit.  Brooks.  Alfred  H.,  loc.  cit.  Tarr,  R.  S..  The  Yakutat  Bay 
region  :  Bull.  TT.  S.  Geol.  Survey  No.  284,  1906,  pp.  61-63  ;  Glacial  geology  and  physio^ 
raphy  of  the  Yakutat  Bay  region,  with  a  chapter  on  the  bed-rock  geology  (in  press*. 
Blackwelder,  Eliot,  Reconnaissance  on  the  Pacific  coast  from  Yakutat  to  Alsek  River  : 
Bull.  U.  a.  Geol.  Survey  No.  314,  1007,  pp.  82-87. 

<*  Emerson,  B.  K.,  Harrlman  Alaska  Expedition,  vol.  4,  1904,  pp.  11-54; 

•  Ulrlch,  E.  O.,  loc.  cit. 
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Two**  massive  ami  pronunent  j^fliulstunos  aiv  i>resent.  One  of  th^G 
in  lit  the  top  of  tlip  thicketst  hiuI  nsoKt  promineut  \wi\  of  i4iale.  The 
other"  is  below  the  same  shale,  and  is  umlerlnlu  by  n  bml  of  shale  of 
the  same  character  iis  the  thicker  slmle  above  it. 

The  upper  sandstone  is  overlain  by  ci>nglt>moraies,  >utnd^ones,  and 
shales,  apparently  of  gi'eat  thickness,  Thp  conglonn^rates,  though 
ma.ssive,  hvq  of  irregijlar  extent  and  ix)sition,  and  ^rad**  locally  into 
pebbly  sandstone  or  shale,  or  lose  their  pebbles  entirely.  The  more 
typical  of  the  conglomerates  contain  usually  we!l-roiinded  but  un* 
sorted  pebbles  of  granite,  greenstone,  gneiss,  and  a  variety  of  other 
rocks  and  minerals*  The  material  ranges  in  size  from  that  of  very 
coarse  sand  up  to  a  diameter  of  several  feetj  but  is  usually  le^s  than  6 
ineha*^  in  diameter,  Xo  glacial  facets  or  scratches  have  been  seen. 
The  matrix  consists  of  fine  shak\  sandstone,  and  arkose* 
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The  fallowing  mollnscan  forms,  obtamed  from  tbe  lower  i^^ndstone 
meml>er,  wett^  determined  by  W»  IT.  Dall: 

Fi*om  R  prominent  e?^pofw^(l  rtH-U  Ju^t  nlmve  tli*>  rhllkiit  TmlJan  vlUage  on  llip 
wi'»t  Imnk  nf  rtering  lUven  (Un*n  VfminrUtt,  rtirtHiim,  ifit/rymeriM,  Matfimu, 
Mpa,  LitotHnti,  and  Purpant,  fm>  badly  preacrve*!  tn  \^e  specificaU^  identiOedi  but 
doabtlese  of  Miocene  air*** 

West  shore  of  Bering:  River,  jnst  above  Chilkat  village:  (4317)  Chionena, 
Mncama,  and  AciJa. 

West  shore  of  Bering  River,  one-half  mile  below  Greene's  cabin,  or  1  J  miles 
above  riiilkat:    (4311)  Y oxmi:  Lunatia  (?), 

West  shore  of  Bering  River,  one-fonrth  mile  below  Greene's  cabin,  or  1^  miles 
above    Chilkat:     (431S)     Fragments    of    extinct    crab,    starfish,    echinold,    and 
ophinran.   and   sptxMes   of   Ttirho    (?),   Tsapis    (?K    Lmuilia    (?),   Fusns    (V),   a" 
ribbed    DcntaJiuni,    Mania     (?),    Chionclla,    Solrn,    Thraria,    Mj/a,    Periplotna, 
M(t((tnia.  Acihi.  and  Xucula. 

Bering  River,  west  !)ank,  2  miles  n(>rth  of  Chilkat:  (4485)  fiplsula  near 
alharia  (\n\v.,  Yahlht,  Lcda,  Dcntallum,  Macama  (?>.  Aiifjiilus  (?),  Lunntia 
sp..  and   ind(»terminable  gastropods. 

West  bank  of  P.cring  River,  opposite  lower  end  of  first  island  going  npstream  : 
(432(M  Martnna,  XucuJa,  L(<1a.  and  Yfildia  sp.  badly  preserve<l :  (4327)  Chi- 
onrJhi  (V)  in  concretion:  Miocene  (V):  (4314)  I*liaroi<1rs  sp.  and  indeter- 
minabh'  gastropods. 

Bluff*  on  west  bank  of  r.cM'ing  I{1v«m"  where  the  river  flows  from  Bering  I^ike: 
(43ir>)  Scald,  Xcrcrifa,  rasas,  Chimu  (  V ) ,  riiacoidts,  SpisfiJa,  Maroma,  and 
YoJdia. 

licju'li  (»u  s(»ntli  shore  of  I'rring  Lake,  on  lii-st  i)oint  west  of  its  outlet:  (43ir») 
Martnna,    Xcrrrifa    (':):     itrobably    Miocene. 

S|)lit  (^HM'k.  100  200  yards  above  bi-auch  tiiat  heads  against  the  RedwoiHl 
Creek   divide:     (4323)    /'rr/r//. 


"  TlioiT  is  a  {)()ssil)ilily  thai  the  wrUoi  is  In  rrror  in  re^cjird  to  tlie  existence  of  two 
saudstonos  and  tliat  there  is  l)nl  ^mo,  which  is  on  fop  of  the  shal»\  the  apparent  lower 
one,  with  its  underlyint,'  shales,  beini;  a  i(>p«Mition  of  the  upper  sandstone  and  shale  by 
faulting,'.  The  cvichMice  on  this  jxtint  will  lie  discussed  undoi-  Ai^c  and  correlation  (pp. 
;]7-41  )    and  Structure    (j).    41). 
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The  following  echinoderms  were  determined  by  W.  B.  Clark : 

Gulch  back  of  Greene's  cabin,  Bering  River:  (4119)  Asterias  sp.  This  speci- 
men is  evidently  a  species  of  Asterias,  although  some  of  the  finer  diagnostic 
characters  are  lacking.  In  general  outline  and  other  characters  it  closely 
resembles  the  species  which  ranges  from  the  middle  Mesozoic  to  the  Recent 
and  is  a  common  form  throughout  the  Tertiary. 

West  shore  of  Bering  River,  li  miles  above  Chilkat:  (4318)  Schizaster  sp. 
There  are  many  specimens  of  this  form,  and  although  again  some  of  the  finor 
diagnostic  characters  are  absent  I  know  of  no  other  genus  to  which  I  could  as 
satisfactorily  refer  it.  I  am  inclined  to  think  it  belongs  here.  The  range  of 
this  genus  is  from  the  Eocene  to  the  present,  and  it  is  a  common  form  throngli- 
out  the  Tertiary.  It  is  very  similar  to  a  common  undetermined  species  of 
Schizaster  from  the  upper  EiOcene  of  the  Gulf,  of  which  I  have  a  good  number 
of  specimens  from  localities  in  Mississippi.  It  is  hardly  probable  that  it  is 
actually  the  same  species,  although  it  is  closely  related. 

I  should  be  inclined  to  regard  the  beds  as  Tertiary,  possibly  later  Eocene  or 
early  Miocene  in  case  there  is  other  corroborative  paleontologic  evidence.  I 
am  sorry  that  the  EJchinoderm  forms  lack  some  of  the  essential  features  to 
make  their  determination  sure.  There  is  a  bare  possibility  that  the  supposed 
Schizaster  might  be  a  rather  unusual  form  of  a  simpler  Spantangoid,  either 
Hemiaster  or  a  related  genus,  in  which  case  the  deposits  might  be  pre-l'ertiary 
as  far  as  the  Echinoderm  evidence  is  concerned.  The  fasciole,  which  is  an 
external  character  of  the  test,  is  so  poorly  preserved  that  I  can  not  determine 
with  certainty  all  of  its  characters,  and  for  that  reason  there  must  be  some 
doubt  in  the  matter. 

The  following  plants  obtained  from  the  lower  sandstone  were  iden- 
tified by  F.  H.  Knowlton : 

South  shore  of  Bering  Lake,  1  mile  east  of  Sinclair's  cabin:  Aside  from  a 
few  fragments  of  dicotyledons  there  is  but  a  single  complete  leaf.  This 
api)ears  to  be  LiHodcndron  Mcekii  Heer,  at  least  so  far  as  size  and  shape  go, 
but  as  there  is  no  nervation  preserved  it  is  imiwssible  to  identify  it  positively. 
If  it  is  this  species,  the  age  should  be  Upi)er  Cretaceous,  but  if  not,  it  is  imims- 
sible  to  state. 

Bering  River,  1  mile  al>ove  Chilkat  Village:  A  single  specimen  representing: 
the  base  only  of  a  leaf.    Apparently  Daphnogene  Kanii  Heer.    Age  Kenai. 

Gulch  back  of  Greene's  cabin,  Bering  River:  A  number  of  dicotyledonous 
leaves  but  poorly  preserved.  Seem  to  represent  species  of  Quercns,  Betuln, 
etc.,  but  impossible  to  be  positive.    The  ago  is  presumably  Kenai. 

MoUrsks  from  the  upper  concretionary  shale  were  identified  as 
follows  by  W.  H.  Dall: 

Mouth  of  Bering  River,  west  bank,  1(X)  feet  east  of  waterfall :  (4312)  Mio- 
cene shales  much  crushed,  containing  species  of  ChioncUa  (?),  PetricoUi,  Thrn- 
cia,  Phacoides,  Macomii,  Thyanira,  Yoldia,  Acila,  Ncvcrita  (?),  and  Buccinum. 
(4436)  Phacoides,  probably  multilincata  Conrad,  a  large  Lcda,  Solcmya,  Lim- 
opsiSf  Dentaliuniy  some  indeterminable  gastropods,  Thracia  f,  Pctricola  f,  BcUi  ?, 
Saxicava  f,  Leda  f. 

Creek  1  mile  below  Greene's  cabin,  west  bank  of  Bering  River:  elevation,  150 
feet:  (4328)  Miocene  shale  with  Vnrricardia  near  rentricom  Gould;  a  smooth 
DentaJium  and  species  of  BuUaria,  Lunatia,  MuJinia  (?),  and  Acila,  with  frag- 
ments of  crab. 
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Wi*Ht  bjiiik  Mf  c:'linkat  Ci'tX'k,  2  inlh^s  above  ro»d:  (4^2)   Vhru^otU^vmuT 
Lit nn tin,  Xtacoma:  pnAnihly  Mlni.^eijf*. 

Loft  bank  of  IIui'Ih  Cri't**;,  |  miW  ^uniUi  of  a  ban-  knoll  nml  Juet  opposite 
the  tmiuth  of  tw<i  BumU  «trpnuis  tluit  join  uh  tx  fork  jiiHt  befort*  emptjrinp 
inltj  Burl  IS  Crc^ekr  0^21)  rftcudomuMum,  luimemus  bnt  cruBbwl  so  as  to  be 
liub^iormlnjibJe,  and  fmjiramoiits  of  YtUrUa   d)  Mlovmw  (?>. 

ititdier  Creek,  a.  tributary  of  Itotlwood  Creek;  elevtttUm,  TOG  feet:  (4:i:;6) 
Kxtlucl  crab  in  t*onc*retlon. 

iU'nd  of  w*3at  fork  nf  A r veal  a  Ctt^k  ;  H32rf^  PfTtrft,  SpotuiuluM  i'l)^  /Jrn- 
f«/^Mfn»  Hvmithiirh,  i\\n\  ttiflett'i'ininable  ttiral  ret'allinjj  .l*rlfviri£/yai 

The  follow  in^r  nw  Husks  from  the  upper  saiul  stone  an  J  t-onglnui- 
t*niiif  beds  ivere  determine*!  hy  W.  IL  Dull: 

Ore^t  ^if  ridgti,  4  imht^  ikortU  I  if  Point  ll<ty  :    144^^1)    k'^/fifi£  fip.  near  monti^^ 

iTifvnHi^  IhUl.  ' 

Tbrei^^ fourths  of  a   niUi'  norrhwi>st   i»f  Point  Hey:     (4H24)   Htird  simie  with  ( 

f ra Ktuei its  of  Sei ^en  ta,  pn Am  [ » ly  M  U m* t'l i e .  ; 

NVar  4.*nil  of   Point   n<\v  :     t'tnntiUit^v   t>)   sin,   (UUtiatta    i  ?)    sjk*   Ooikm  sp.,  I 

/>"« ^ i^  ^  siL*     *V    1  merl  I  n  n i  L   Ftt^ttH  2  h j  i.    ( !^n i a  H ) ,    7' w  r/'«7 r ^ fa   si »*»  ^' *^a  taU ft  m   s[ k  j 

"  PiHir  material,  bnt  tbo  (V/z/i/.*,  I'u^^titi,  and  JJi-titQliitm  look  like  lioecue  fonas*"  I 
Bt^twf'en  Point  Hey  ami  Htruwb^rry  FaUit:   AatrudatiiH  (?)  Jsp,,  SemHs  tt) 

South  whore  of  WhiijUtmi  I  si  a  ail:  (  l.'iHO  Small  crab,  of  extinct  B|»eeie»i  und  ^ 
lniletf*rralnablo  ifl[>et'ies  of  Httfin^  .Ittii^ftmtt*  TUm^'in^  lAfUt,  YnUIhK  and  Lantt-  . 
tia    i'ij,     I*robab]y  MiLK'crnp, 

Hi^arh  i»n  imrthwoHt  i=ihnro  of  Kayjik  Isliuiil.  TIi*^  st^'na]  slatiiai  at  K^mtb  i^nl 
of  WiuKliani  Island  hoars  N.  s  E.  (niaj;. )  :  {V.^\)()  Marria  like  suhdiaphana  (not 
in  place). 

Near  (•al)in  on  Kayak  lai^oon.  Kayak  Island:  (43JH)  Crushed  specimen  of 
el<nijj:ated  Inio. 

The  rocks  exposed  on  the  iiortluvest  shore  of  Kayak  Island  consist 
of  beds  of  con<i:l()nierate,  sandstone,  and  shale,  with  a  marine  fauna,  in 
which  W.  PI.  Dall  and  Kalpli  Arnold  liave  identified  the  following 
species:  Leda  sp.  A.  (smootli),  YoJdia  atf.  sci^surata  Dall,  Yoldia 
art'.  thraridfoiDi'is  Dall,  M aroma  cf.  calcarea  Gmel.,  Callista  sp., 
Xaflca  sp,,  Chi'i/sodottnts  sp.  A.,  ('hrf/.sodoaru.s  sp.  B.,  Rostellites  cf. 
I  tab  I  rata  Conra<l. 

STILLWATER   FORMATION. 
DKSCIUl'TION. 

The  Stillwater  Toi'mation  occupies  tlu^  eiilire  \  alley  of  Stillwater 
Creek  and  extends  for  some  distance  u])  the  Aalleys  of  Trout  and 
Chsar  creeks,  eastward  to  Canyon  Ci'eek.  and  westward  probably 
throuirliout  the  entire  area  of  Sjiockmn  Mountains.  Other  areas 
are  on  the  north(*rn  and  western  short^s  of  Bei'a'  Lakes,  on  the  west 
shore  of  Kushtaka  Lake,  and  in  the  mountain  north  of  Berin<j^  Lake. 

The  formation  consists  of  shale  ;ind  sandstone  without  character- 
istic l)eds  so  far  as  is  now  known.  No  detailcl  sections  have  been 
measured,  but  the  thickness  a|)|)arcntly  exceeds  1. ()()()  feet.  The  base 
of  the  fonunium  has  not  been  I'lvoo-ni/ed. 
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FOSSILS. 

The  following  fossils  were  determined  by  W.  H.  Dall: 

Maxwell  Creek,  east  of  Grade  Trail  and  one-half  mile  south  of  I^ake  Char- 
lotte: (4380)  Fragment  of  a  smooth  Dentalium;  apparently  the  same  species 
as  is  found  in  the  rocks  above  the  coal. 

Tributary  of  Clear  Creek,  about  1  mile  northeast  of  Cunningham's  ware- 
house;   elevation,  275  feet :   (4384)  Same  as  4377. 

Stillwater  Creek,  east  bank,  one-half  mile  below  Clear  Creek:  (4434)  Cras- 
sateUitcsf  Spisulaf 

Float  in  bed  of  Maxwell  Creek,  one-half  mile  below  Lake  Charlotte:  (48Sr)) 
Mactraf  Cardiumf  Lunatiaf     (Same  fossils  as  found  above  the  coal,  marine.) 

East  side  of  moraine  at  head  of  Lake  Charlotte,  one-fourth  mile  from  lake : 
elevation,  510  feet:  (4381)  Cyrenef  and  Anodontaf  (freshwater),  Fususf  Area? 
Macomaf  Mactraf  Saxidomusf  and  Dosiniaf  (marine),  shark  tooth. 

Eastern  edge  of  glacier  moraine,  200  feet  above  the  level  of  I^ke  Charlotte : 
(4370)  Single  valve,  recalling  dementia. 

Lower  eastern  tributary  of  Sheep  Creek,  200  yards  below  waterfall,  and  1 
mile  from  Sheep  Creek:   (4393)  Fususf  Leda,  Yoldia,  Macomaf  Mactraf 

Lower  eastern  tributary  of  Sheep  Creek,  one-half  mile  above  the  month  of 
the  creek  (float  specimens)  :  (4387)  Dentalium,  Lunatiaf  Fuiusf  yoldid, 
Soleny  Spisulaf  Dosiniaf  (4392)   Dentalium,  Buccinumf  Fususf  Leda,  Mactra, 

Head  of  Bering  River,  just  below  upper  falls:  (4307)  Fususf  Lunatiaf  Spi- 
sulaf 

Bering  River,  one-fourth  mile  below  gorge:   (4394)  Fususf  Mactraf 

KTTSHTAKA  FORMATIOK. 
DESCRIPTION. 

The  Kushtaka  formation  occupies  part  of  the  crest  and  much  of 
the  eastern  slope  of  Kushtaka  Ridge,  and  extends  westward  through- 
out the  valley  of  Carbon  Creek  and  up  the  east  side  of  Shepherd 
Creek  to  Lake  Charlotte.  The  largest  known  area  extends  in  a  broad 
belt  from  the  eastern  edge  of  Kushtaka  Glacier  to  the  northeast 
comer  of  the  area  mapped.  There  are  two  or  more  nmall  areas  in 
the  .southern  part  of  Carbon  Mountain.  A  large  area  lies  on  the 
north  shore  of  Bering  Lake  and  extends  across  the  mountain  from 
Shepherd  Creek  to  Dick  Creek.  Another  large  area  reaches  from 
near  the  south  end  of  Lake  Charlotte  to  the  east  end  of  Lake  Tokun 
and  extends  south  on  the  mountain  side  for  about  2  miles. 

The  Kushtaka  formation  overlies  the  Stillwater  formation,  prob- 
ably conformably,  although  as  the  contacts  are  in  many  places  faults 
the  exact  relatfons  are  none  too  well  known. 

It  consists  predominantly  of  coarse  arkose,  although  some  sand- 
stone and  much  shale  are  present.  It  contains  a  large  but  unknown 
number  of  coal  beds.  Marine  conditions  are  not  known  to  be  re])!v- 
sented. 

•The  thickness  exceeds  2,000  feet,  the  exact  total  not  being  known. 
The  following  sections  rej)resent  the  up|)er  i)art  of  the  fov\\v^l\v^\\ 


32  CONTEOLTjEE   bay    HEUrou,  ALASKA. 

ami  are  pi'objibly  characteristic  in  a  generaJ  way  of  the  ciitiiv  iUkk- 

Section  ttf  «/*//rr  ptoi  t*f  httuhtukti  ftprtnafimt  in   mile}/  ftf  C&)'bon  CrrrJt. 
Black  almJc?  ttn^erUUu*'  hy  Ttikun  fi^rttiu1km|. 

Da rk  h la pklfih  shat is « .«_««—»«  —^ — *_,  _^ 

(htal    ^ ^..-^^^.^^ „ ^^-^ ^^^ ^_ 

Hark  blackish  »liale  ___^ ._* ,_^,-„^, „ .^^..^...^^.^ 

Vmtl    ^_^ ,_____*^ ^_ 


Dnrk    blackish    shflJea    with    sev^tnl    more    or    lesa   carbrHiuceons 

Itiyirrj*--^ ^ -_^-^^-^^_^.^^^--^_«^__^_*-^_^-_ . ^_ 

Thiii'hfHlJeii  arkose  witli  ebale ^^__* ^^ ^^.„_ 

Sandy    shale , ^^ . . ^_^  -^_™— _^.„_^,_^ 

^anfly    shal^_^ _^ ^_^ , ^^--^ — ^^..^^^^^ ,^^^^ 

Arkijfsc?    -. .-^. ,___ _- , , .^^ 

Sfiady    i;hale - — ^ _,-_ _. 

Flaggy   aud   thhi-be^ljEHl  arkoale  ea»d^tone  Avith   thin  calcart^ous 

heels    ^^ ,^ ^__ _, — 

Thin -bedded  arkoRG  Randstoue ,^^ , , 

Thlii-tiedJed  siuidy  shale  with  culenroous  eoacretious^, 

Caaf  with  shale:  outcrop  ohseured,  alumt  C  feet  of  clean  coal 

estimated    . ^ ._^-^^^^__ 

Shale    _,. ---^ ^-____-. 

Carbonaceous    shale 

Coal    

Shale . 

Coal    

Shale    

Sandy  shale  with  concretions 

Carbonaceous  shale,   somewhat  crumpled 

Sandy    shale » 

Carbonaceous  shale 

Sandy  shale  (bluish) 

Coaly  beds  or  carbonaceous  shale 

Sandy  shale  with  calcareous  concretions 

Base  of  section  in  bottom  of  Carbon  Creek  at  an  elevation  of  1,250 
feet,  but  the  coal  series  continues  on  downward. 

3,741  r» 

Sfctinn   nf  K itslitdkn   fffnmition   on   <-r<.sl  of  Kuslitaka  RiiliivJ* 

Ft,  in. 

Shale,  carbonactMHis  (overlain  l)y  Tokun  formation) '1 

Shale   {) 

Voul  (shaly  at  bottom  for  1   foot) 3  2 

Shale  (dark,  but  weathers  brownish  red) 0 

rof// 4  8 

SliMle    (dark,  witli   some  coal)                __          .      9  4 
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"  Sec   fr»otnoto,   p.   ;•>."), 

'' Tho  uppormost  bod  is  so  foot  hi'low  U.  S.  L.  M.,  Kayak  No.  4. 
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Ft.  in. 

Shale,  blue,  sandy 48 

Arkose  231 

Shale,  dark U 

Shale,  carbonaceous  (with  bands  of  coal  tJ  to  12  inches  thick — ex- 
posure   poor) 45 

Arkose,  flaggy  and  flne-grained 93 

Shale,   carbonaceous 2 

Coal 2          3 

Shale,   carbonaceous 5 

Arkose,  flaggy  and  fine-grained 127 

Fine-grained  blue  shale 1 291 

Coal  (exposure  not  good,  estimated  with  shale) 11           7 

Shale -  5 

Arkose,   flaggy • 41 

Shale 4 

Carbonaceous  shale  with  coal  (exiM)sure  obscure) 23 

Arkose,    flaggy - 163 

Shale,  dark  (with  thin  coal  streaks  i-inch  thick) 5 

Coal (> 

Shale . 1 

Coal (> 

Shale i 2 

Coal ') 

Shale 9 

Arkose,  flagg>' 29 

Shale 2 

Shale,  carbonaceous 5 

Arkose,   flaggy 4 

Shale    14 

Arkose,  flaggy 11 

Shale 7 

Coal 3 

Shale (• 

Coal 0 

Shale 0 

Coal 1 1 

Shale 2 

Arkose,  flaggy 30 

Shale    4 

Arkose,  flaggy 24 

Shale,  dark 2 

Coal,  clean S 

Shale,   carbonaceous . 1 

Shale 35 

Arkose,   flaggy 77 

Shale 2 

Arkose,   flaggy 74 

Shale,  sandy 15 

Arkose,  flaggy 25 

Shale,  with  coal  streaks 5 

Coal 1 

Shale 2 

Coalf  clean -. ^ 

21808-'BuU.  335—08 3 
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Arkow*  -____, 


-,, 287 

ST 


Base  of  titeetloii   at  antlcllrial  ftjtl»  ou   dlrkle  nt  head  uf  Carhon 


2.041 


^<Y:tlmt  fj/  Mji^H'r  inttt  uf  KuxhUikn  far  mat  ion  ttn  ifttuthn"*}  rttd  uf  Viuinin^h^m 

niti!it\ 

ArktifM*.  |KJS6l1il,v  with  Itifii  l(t*tJK  iif  '^'^'^  (Ml 

Coiif  (5  ti^  n  M't  tbirk  with  rJimIpJ_._ .  ,^   -  - ^^..^^^^^ IIT 

'  1 ' h  i  n ' bi  HlrtcMj    n  rkom -^^^^. .-.^^ .-..^^ >^ ^^^^ _ ^ _^„ 40 

Uoal    _,__ . ^ ^_._^- .^^ . 1 

Thiri-hi-dded  alinly  arkose ^, ^ ^ ^ 02 

Dark  i^hfUe^ ^-- — ^ ^ ■. — —^^ .^----  20 

Coaly  sliale^ ^___,_„_ _,^_^^^_^__,^^^_,^ ^-__^ 5 

C^ia? ^._ ^_, _. .^^,^-. ^ -._,^^_  1 

Dark  ihale  witli  enJest^finii  cmierttfon«_ 50 

Bhtile    „-^ ^,^-,^^ ^, . ^— __- ^„^^. 1 

Cftai    ^^____, ^_ ___, , ,_„„_  '4 

t^a;    . . ._ __. ^_,, 10 

81i«l**     . .  1 

Coal    ._    2         4 

Shale    . 2 

Dark  shale  with  cMHicrclions.  scxcral  thin  ])0(ls  of  arkosc,  and  several 

])e(ls  of  coal  whose  thiekness  could  not  lu^  deternniied 15:^ 

Thin-beddeil    arkose [V.^ 

Dark    shale 12 

Measurement  stopped  because  of  irre^nilarity  of  the  l)eds. 

541         5 


Tlie  followinor  jnoHnscan  forms  were  identified  ])y  W.  II.  Drdl : 

Coal  opening"'  near  (irade  Trail  Cabin,  in  feet  west  of  eoal.  (4,*:{S0)  J/(/c- 
tra  or  Spisuhi?     Xassaf 

The  followinor  plants  were  id(Mi(iHed  by  V.  II.  Knowlton : 

drach'  I'rail  Cabin  coal  «>|)enin^'.  alonir  west  contact  of  shale  with  coal: 

Anilid  s|>.  cf.  .1.  ./ori/nisj  Ileer,  dicotyledonous  leaves,  frairnients  of  lari:«» 
leaves,  stems.  Ardlin  .forfii  iisi  Ileer  is  <>t  Miocene  a;re.  and  while  the  AniUd 
in  this  collection  is  nut  (piite  the  same  it  is  |»r(^tty  close,  and  for  this  reason  I 
should  incline  to  re.:;ard  tlu'  a^'e  as  Miocene. 

Al)out  ir»()  f(n't  southwest  of  C.  S.  L.  M..  Kayak  No.  4.  One  specimen  with 
good  outline  but  no  nervation.  Probably  a  sapindiis,  or  something  of  the  kind. 
Not    suthcient    to    determim*    age. 

About  1(M>  yards  southeast  of  grouj)  of  four  small  lak(^s.  about  1  "j  miles  north- 
east of  Lake  Charlotte:   Two  specimens  with  fairly  good  outline,  but  no  nerva- 


'  See  s(>cti<.ii   No.  «;»;.   1).  7S.  aud  PI.   VIII. 
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tion.  Probably  leaflets  of  some  leguminous  plant,  but  not  sufllcient  to  settle 
age. 

Bed  of  creek  flowing  into  head  of  Canyon  Creek  from  Mount  Chezum,  at  an 
elevation  of  2,0(X)  feet:  Dryopteris  sp.  of.  Pteris  frigida  Heer,  Comus  sp., 
Juglans  sp.  ''Pteris  frigida  "  is  normally  a  Cretaceous  species,  but  the  par- 
ticular specimen  with  which  this  is  compared  was  from  a  Tertiary  (Miocene?) 
horizon.  The  generic  reference  is  undoubtedly  wrong.  The  two  dicotyledons 
mentioned  are  very  moilern  in  api)earance,  and  on  this  insecure  basis  I  should 
incline  to  regard  the  age  as  Miocene. 

Lower  eastern  tributary  of  Sheep  Creek,  one-half  mile  above  its  mouth:  A 
single  broken  specimen.  Suggests  Andromeda  grayana  Heer.  The  age  is  un- 
certain, but  if  this  species  is  correctly  identified  it  should  be  Kenai. 

Elevation  of  1,000  feet  on  creek  emptying  into  First  Berg  Lake,  where  trail 
from  Happy  Hollow  passes  around  the  shore.  Dryopteris  sp.,  Quercus  sp.,  Fiens 
sp.,  Ulmus  sp.,  Juglans  sp.,  Comus  sp.  This  material  is  ample  in  amount  and 
beautifully  preserved.  The  fern  is  a  splendid  species  and  appears  to  be  new,  as, 
indeed,  do  all  the  other  forms.  So  far  as  I  am  able  to  determine,  this  is  not 
Kenai  in  age,  but  just  what  the  age  is  I  am  uncertain.  I  should  think  it  ought 
to  be  Miocene,  but  without  an  extensive  comparison  with  known  Miocene  floras 
its  exact  position  is  in  doubt. 

Lower  eastern  tributary  of  Sheep  Creek,  one-half  mile  above  its  mouth : 
Quercus t  sp.,  Ficusf  sp.     Age  unknown,  possibly  Kenai. 

Near  head  of  Bering  River  (float  specimens  collected  by  Prof.  W.  O.  Crosby). 
Salix  sp.  cf.  8,  varians  Heer,  Corylus  Macquanii  (Forbes)  Heer,  Betula  prisva 
Ett.,  Betula  grandifolia  Ett. :  These  are  well-known  forms  found  in  the  so- 
called  Arctic  Miocene,  and  indicate  this  age  for  the  beds  whence  they  came. 

TOKTJN  FOEXATION. 
DESCRIPTION. 

The  Tokun  formation  outcrops  on  both  shores  of  Lake  Tokun  and 
extends  thence  north  and  northeast  to  the  edge  of  the  flats  bordering 
Martin  River  Glacier  and  to  Lake  Charlotte.  It  also  covers  large 
areas  on  the  crests  and  northwest  slopes  of  Carbon  and  Charlotte 
ridges,  on  the  west  slope  of  Kushtaka  Ridge,  on  the  ridge  north  of 
Mount  Hamilton,  and  on  the  northwest  slope  of  Cunningham  Ridge. 

These  beds  overlie  the  Kushtaka  formation  conformably,  the  transi- 
tion apparently  representing  a  change  from  fresh-water  to  marine 
conditions.  The  formation  is  at  least  2,500  feet  thick,  the  lower  2,000 
feet  consisting  chiefly  of  sandy  shales,  which  are  well  shown  in  the 
following  section  : 

Section  of  the  Tokun  formation  *  on  the  crest  of  Carbon  Ridge, 

Ft.  In. 

Sandy  shale,  poorly  exposed,  possibly  more  above 248  S 

Sandy  shale  (top  of  this  makes  highest  point  of  Carbon  Ridge)  __  4(5  5 

Fine  shaly  sandstone  17  5 

Fine  sandy  shale 72  1 

Sandy  shale 139  r> 

Fine-grained    shaly    sandstone 40  4 

•  The  section  of  the  Kushtaka  formation  on  pp.  82-34  underVlea  \.\iVa  ^VWiqxxX,  «.  \i\^^s>^. 
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Dark -gray    Hue-gmtBei]    slmlps . .^ . ,__^^ , __. ^ 

Gmy  nij(^->?riiiLiiHl  ^htiJo  with  ^rjMJi^  Ibhi  Ktmdstou^  uud  bedB  ijf  oil- 

c;n  r&  iiis?   t!tnicTetlous ^ ,____, .__^ ,. ^ _  _ , , ^^_„^_____ 

Gray  siindy  8liaIe^^^-__^^„ _-_-._-^, ^^ ,^^^ ^^^.^-. 

Flue  sandy  sliale  with  eomn  lliuisfltxiiiii  lied»^- ^ *-^ 

A  I'k  *  pae -^ ^^ ^___ -        . 

Fin<%  ^rtiy,  sandy  slliile , ^ .  _■ _- 
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Arki>so  (coarse  nt  base,  tlne-b^ded  at  top),^ ^___-_^__ ^, 

Bluuk  8l)ule, .  i^imewliut    crumpled     (uuderlalii    by  tbe    KuHlitakii 
format ItJii    -^ ^„„__^_ _^__^_ ^^^__ ,„,_ 


2.(118  1 

The  shales  (not  all  of  which  arc  reprei^eiit^d  in  the  section)  are 

overlain  by  a  bed  of  sandstone  ^^veral  liiindreil  (possibly  500)  feet 
thick.  This  f^andytone  is  well  exposed  on  the  hills  northeast  of  Lake 
Tokun  and  west  of  Lake  Charlotti^  The  beds  overlying  this  sand- 
stone contain  some  shale,  but  are  not  well  exposed. 


r 


The  following  inolhisks  were  identihed  by  W,  H,  Dall: 

Oiie-bJilf  luih'  nortbeast  of  Summit  Cabin,  Kiishtaka  Kkigf,  2ri0  feet  above 
lai^e  co«l  «e?mi  ou  Qneeti  Creek  aotl  itt^ar  tbe  brisie  of  tht*  Tokon  ffirmuticm: 
(4440)  ^iftianhi,  rtiHtt!<t,  f^anaiUt,  Lffttt,  Soit'tt,  Litrfntt  firobaMy  mulfilhitatfu 
Conrad.  Molopoi^honis  sp.V  (4:>78)  Same  as  4877,  with  the  addition  of  thr 
print  of  a  large  t^cmvlcf 

Fine-grained  flaggy  sandstone  with  thin  ealcareons  beds,  1,000  feet  S.  60"  E. 
of  Qneen  eoal  opening:  elevation,  1,()(H)  to  1,7(X)  feet.  (4877)  Fusus  or  Latirus, 
Litorinaf  Xassdf  YitUlUi,  Lcdn,  Lnnatidf  My  til  us,  Mavoma,  iiolcn,  Mactni  or 
^insula,  and  Vythcrcaf  or  some  Veneroid  form. 

One-half  mile  northeast  of  locality  No.  4440,  on  crest  of  Kushtaka  Uidge 
(on  the  strike  fnmi  locality  No.  4440)  :    (4441)  LaUi,  Yohliaf  i^pisuhif 

Sontheast  (Hlge  of  Knshtaka  (Tlacier,  ahont  I'l  miles  from  Kushtaka  I^ike; 
elevation,  VutO  feet  :   (4oS2)  Fragments  of  tlie  arms  of  an  ophinran. 

Sontheast  edge  of  Knslitaka  (Jlacier,  ahont  H  miles  from  Kushtalva  Lake;  ele- 
vation, 4N0  feet:    (4oSo)    llnnilnva  or  BuUnr'm,   Yoldia,  and  Macoma, 

(lap  ])etween  Mount  Chezum  and  Mcmument  Mountain:  (431)5)  Fususf  Ln- 
natldf  Mdctni  or  Spistiinf 

One-fourth  mile  nortlieast  of  Mount  Cliezum,  in  (U^ep  canyon:  (4438)  Lu- 
}tafi(i,  niftlndnnta  .^  I)<  ntaliuni,  I'lisu.s,  Spisula,  Mmtnif  Mmoiiuif 

Middle  fork  of  Tn»ut  Creek  near  its  head:    (431M;)   Fususf  fragni.  of  bivalves. 

UNDIFFERENTIATED   TERTIARY. 

The  arenas  i-epreseiitiMl  on  the  map  (PI.  V,  j)ockot)  as  undifferen- 
tiated shale  and  sandstone  j)rol)al)ly  consist  predonunantly  of  the 
rocks  of  the  Katalla  formation,  except  on  tlie  soutli  end  of  Carbon 
Mountain,  wliere  they  re})re^ent  either  tlie  Stillwater,  Kushtaka,  or 
Toknn  formations.  These  areas  are  those  in  which  the  geologic  work 
was  not  finished  with  siillicient  detail  to  show  the  boundaries  of  the 
formniiouH. 
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AOE  Am)  OORKELATION. 

The  Tertiary  sediments,  as  shown  in  the  preceding  pages,  consist  of 
monotonous  repetitions  of  shales  and  sandstones,  with  an  included 
mass  of  coal-bearing  arkose  and  one  or  more  massive  conglomerates. 
The  total  thickness,  as  shown  in  the  following  table,  is  many  thousand 
feet.  The  structure  of  the  region  in  which  these  rocks  outcrop  is  com- 
plex; exposures  at  critical  points  are  often  w^anting;  and  neither  tlu» 
lithologic  character  of  the  beds  nor  the  fossils  which  they  contain  art* 
sufficiently  distinctive  to  make  it  possible  to  recognize  with  certainty 
the  complete  stratigraphic  succession. 

The  presence  of  two  easily  recognized  horizons,  the  arkose  and  tlio 
conglomerate,  give  distinctive  character  to  two  parts  of  the  strati- 
graphic  colunm.  The  arkose,  with  its  associated  coal,  is  restricted  in 
areal  distribution  to  the  region  north  of  Bering  Lake,  and  the  con- 
glomerate to  the  region  south  of  the  lake.  Between  these  regions  are 
areas  of  no  outcrops,  and  none  of  the  beds  of  either  region  can  be' 
recognized  with  certainty  in  the  other. 

Section  north  of  Bering  Lake, 

Feet. 

{a.    Sandstone  500 
b.    Shale  with  thin,  flaggy  sandstones  and  with  occasional 
calcareous  concretions J 2,0fM)+ 

Kushtaka     Ir.    Arlcose  with  many  coal  beds  and  with  some  shale  and 
formation.    [  sandstone 2,  r)(H)± 


Stillwater 
formation 


.r 


Shale  and  sandstone 1,000  + 

Section  south  of  Bering  Lake. 


Katalia  for- 
mation. 


e,    Ck>nglomerate  and  conglomeratic  sandstones  interl>eddeil 

with  shale  and  sandstone 2,  r>(K) 

A    Flaggy    sandstone , 500± 

g.    Soft  shale  with  calcareous  concretions  and  with  l>ed  of 

glauconitic  sand  near  base 2,  0(K) 

h.    Sandstone  1,000 

i.   Soft  shale r)(K)+ 

The  succession  in  each  of  these  sections  may  be  assumed  as  reason- 
ably correct,  although  there  is  a  possibility  that  the  thicknesses  are  too 
great  because  of  there  having  been  repetition  of  the  less  characteristic 
beds  by  faulting.  The  correlation  of  the  beds  of  one  section  with 
those  of  the  other  rests  at  present  upon  evidence  which  is  incomplete 
and  unsatisfactory,  and  must  be  regarded  as  suggestive  rather  than 
conclusive.  It  is  probable  that  one  of  two  correlations  is  true:  The 
shale  and  sandstone  of  the  Stillwater  formation  (d)  may  overlie  tlie 
conglomerates  (e)  of  the  Katalia  formation  with  a  concealed  interval 
of  unknown  extent  between  them,  or  a  and  h  may  be  identical  with  h 
and  i.  In  the  former  case  the  conglomerates  underlie  the  coal  field ; 
in  the  latter  case  the  coal  underlies  all,  or  nearly  all,  of  the  entire 
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region  under  cUstnissiou,  The  .stmtigraphic  and  stnictnral  field  evi- 
dence provevS  nothing  either  way,  but  suggests,  as  the  most  probable 
relation,  that  the  entire  section  north  of  Bering  Lake  overlies  the 
section  south  of  the  lake. 

The  Tertiary  rooks  contain  fossils  at  many  localities,  but  they  are 
usually  j)oorly  preserved  or  not  duiract eristic,  Tliey  consist  chiefly 
of  leaves  and  of  marine  Mollusea,  but  include  also  a  few  echiiioids, 
Onistacea,  Ijs^h,  and  fresh  or  bmcJtish  water  MoUusca. 

The  strata  and  localities  which  yielded  the  more  important  fossils 
ure  us  follows: 

1,  Sandstones  of  the  lower  part  of  the  Tokun  formation,  yielding 
itbundant  marint^  Mnllusca  at  several  localities. 

'2,  A rk nse  and  coul  beds  of  the  Kushtaka  furnmtjon,  yielding  fossil 
leaves  at  many  localities* 

H.  Shales  and  sandstones  *if  the  Stillwater  f<>ruiation,  yiehling 
poorly  preserved  Molhisea  of  l)oth  marine  and  fresh -w tiler  types. 

4,  Shale  and  sandstone  associated  with  conglomendes  at  local iticts 
on  Kayak  Island  and  elsewhere,  yielding  itia Hue  Moll u sea.  The  local- 
ities on  the  mainlinni  are  in  the  upper  part  (f^)  t>f  the  Katalhi  forma- 
tion. The  conglomerates  on  Kay^dt  and  Wingluim  islanrls  are  eorre- 
lat-ed  with  the  other  conglomerates  on  purely  lithologic  evident'C. 

5,  Sandstone  (/)  underlying  the  conglomerate  of  the  Katalla  for- 
mation, yielding  a  few  marine  fossils. 

6.  Soft  shales  (f/)  of  the  Katalla  formation,  yielding  marine  Mol- 
lusca,  Crustacea,  and  fish. 

7.  Lower  sandstone  (h)  of  the  Katalla  formation,  yielding  marine 
Mollusea  and  echinoids  at  several  localities  on  the  banks  of  Bering 
River  and  elsewhere. 

Dr.  W.  H.  Dall,  after  examining  the  fossils  collected  in  1005  in  the 
region  north  of  Bering  Lake  from  the  Tokun  and  Stillwater  forma- 
tions, said : 

In  rc^'anl  to  the  fossils  themselves  it  should  l)e  premised  that  they  consist  of 
crnsluMl  and  distorted  shells  in  a  very  toujrh  and  hard  matrix  which  wholly 
(•onc(»als  the  muscular  impressions  and  hinges  of  bivalves,  and  the  aperture  and 
pillar  of  gjisteropods,  so  that  in  most  cases  even  the  genus  is  uncertain,  and  in 
tho  present  state  of  our  knowledge  it  is  impossi])le  to  make  sptK'ific  idiMititica- 
tions.  Th'i'cafter  when  we  shall  know  the  Tertiary  fjumas  of  the  Pacitic  coast 
thoroughly  it  may  he  ]M»ssible  to  identify  several  of  these  species,  hut  not  till 
then. 

1  niMy  add  that  there  Mre  no  characteristic  Eocene  or  Miocene  types  in  the 
sjieciniens  eolle<'te(l  :  that  the  fauna  below  the  eoal  a|»peai*s  to  ])e  identical  with 
that  above  it  ;  that  the  Marcia  and  <l(ni<nii(t  point  in  the  dinvtion  of  (Uigocene 
age:  tbat  tlie  mixture  of  fresh  water  and  salt  water  forms  indicates  a  location 
near  salt  water  but  with  fresh  water  near  by,  as  in  a  river  delta.  I  may  express 
the  suggestion  that  the  fauna  is  marine  Ollgocene  corresponding  to  the  marine 
phase  of  the  Kenai  grou]),  hitherto  unknown.  It  is  certainly  not  Eocene,  and 
if  Miocent*,  n(»t  the  same  fauna   as  the  Astoria    or    (\>os    Hay   (Empire    beds) 


TERTIARY   ROCKS.  39 

Miocene  fauna,  and  apparently  not  that  of  the  Crepidula  bed  which  overlies  the 
leaf  beds  at  Unga  and  on  Popoff  Island,  Shumagins.  However,  the  fauna  of  the 
latter  is  meager  and  one  may  not  be  positive  as  to  its  relations  to  the  (Controller 
Bay  beds. 

Doctor  Dall  submitted  the  following  comments  on  the  material 
collected  in  the  same  year  from  the  various  members  of  the  Katalla 
formation : 

The  material  is  apparently  aU  of  one  age  and  contains  but  one  fauna,  which 
seems  to  be  Miocene.  The  bad  condition  of  the  fossils,  which  have  been  crusluMl 
and  distorted,  makes  it  impracticable  to  identify  most  of  them  specifically,  Imt 
there  are  several  Miocene  species  among  them. 

The  prevalence  of  types  closely  recalling  recent  species  of  the  same  region 
leads  to  the  belief  that  it  is  upper  Miocene,  and  possibly  might  be  even  Pliocene 
in  age,  though  the  latter  is  unlikely.  The  rock  varies  from  very  hard  tough 
shale  to  a  crumbling  soft  sand  rock,  not  resembling  any  Pliocene  matrix  I  have 
seen  from  the  coast. 

Doctor  Dall's  report  on  the  material  collected  in  1906  from  the 
Tokun  and  Katalla  formations  is  as  follows: 

The  rocks  in  which  these  fossils  are  contained  have  been  much  heated, 
crushed,  and  consolidated ;  hence  the  fossils  have  been  disturbed  and  broken, 
and,  in  the  majority  of  cases,  retain  only  impressions  which,  in  the  case  of 
bivalves,  show  neither  the  hinge  nor  the  muscular  impressions.  In  many  cases 
even  the  genera  can  only  be  guessed  at,  and  the  species  is  determinable  for  only 
one  or  two  forms,  and  then  except  in  one  case,  with  some  doubt.  There  is  a 
strong  probability  that  somewhere  in  the  vicinity  the  same'  rocks  may  exist  in 
better  condition,  containing  recognizable  fossils  which,  when  worked  out,  would 
enable  us  to  recognize  those  in  worse  condition,  but  at  present  this  is  not  prac- 
ticable. The  fauna,  so  far  as  it  can  be  determined,  seems  to  be  nearly  or  quite 
the  same  in  all  the  localities  mentioned,  with  the  possible  exception  of  No.  4434. 
I'nfortunately  there  is  very  little  that  is  characteristic  in  any  of  it.  With  the 
exception  of  No.  4434  the  aspect  is  Miocene  and  there  are  two  species  which  re- 
semble Astoria  Miocene  forms  very  closely*     No.  4434  is  i^ossibly  Oligocene. 

The  paleontologic  evidence  may  be  summarized  as  follows: " 

1.  The  marine  Mollusca  from  the  sandstone  of  the  Tokim  forma- 
tion are  either  so  poorly  preserved  as  not  to  admit  of  specific  identi- 
fication or  belong  to  undescribed  species.*  They  are  almost  certainly 
Miocene,  but  can  not  be  definitely  correlated  with  any  known  MioccMic 
faunas  of  other  regions. 

2.  The  plants  from  the  coal-bearing  rocks  include  poorly  preserved 
individuals  which  suggest  species  of  the  Kenai  formation  of  Cook  In- 
let, generally  considered  to  belong  in  the  upper  Eocene  or  Oligocene. 
The  best  preserved  specimens,  however,  represent  species  which  are 
not  known  in  the  Kenai  and  which  are  suggestive  of  later  Tertiary 
age.  There  is  no  positive  evidence  that  the  exact  ecjuivalent  of  the 
Kenai  occurs  in  this  region. 

"Data  furnished  by  W.  H.  Dall  and  Ralph  Arnold  on  the  Mollusca,  F.  H.  Knowlton 
on  the  plants,  and  by  W.  B.  Clark  on  the  echinoids. 

^Tbis  statement  applies  to  all  the  faunas  of  this  region. 
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3.  The  fossils  of  the  Stillwater  formation  are  poorly  preserved, 
few  J  and  not  chanictorij^tic*.  There  urt*  no  positive  points  of  difference 
between  this  fauna  and  that- of  the  Tokiin  formation,  and  it  does  not 
indicate  age  more  closely  thnn  Tertiary, 

4.  The  marine  MoUnsea  from  the  shales  of  the  conglnmeratic  beiis 
on  Kayak  Island  are  better  preserved  than  most  of  the  other  favnias 
of  the  region.  They  include  among  other  forms  a  species  of  Rmtel- 
liteH  which  is  considered  cbaract eristic  of  the  Oligocene.  The  con- 
glomeratic beds  at  the  top  of  the  Katalla  formation  on  the  mainland 
have  not  yielded  characteristic  fossils  and  are  to  be  correlated 
with  tliose  on  the  island  only  on  lithologic  evidence. 

5.  The  sandstones  (/)  underlying  the  conglomerates  have  yielded 
no  fossils  of  posit iv^e  significance  in  indicating  age.  Dall  and  Arnold 
have  suggested  "  that  some  of  these  look  like  Eocene  furnis. 

6.  The  marine  Mollusca  from  the  shales  of  the  Katalla  formation 
ig  of  the  section  on  p.  ^7)  are  later  than  Eocene  and  are  possibly 
Oligocene.  tliongb  probably  Miocene. 

7.  The  marine  Molhisca  of  the  lower  standstone  {h)  of  the  Katalla 
formation,  as  exposed  on  tlie  banks  of  Bering  River,  are  Miocene,  and 
Dall  suggests  that  they  are  of  the  same  age  as  the  fauna  of  the  Tokun 
formation.  The  echinoids  from  the  same  beds  and  localities  are  not 
distinctive. 

Tt  may  be  seen  from  the  preceding  paragi*aphs  that  the  faunas  and 
floras  are  of  little  aid  in  correlating  these  lieds  with  thost^  of  other 
regions  and  yield  im  satisfactory  evidence  as  to  the  rehition  of  these 
tx^ds  among  themselves.  There  is  no  doubt  tliat  the  entire  sequence  is 
Teitiarj^  and  post-Eocene;  i*  e.,  Oligocene  or  younger.  The  rocks  of 
tlu»  coal  field  (Tokiin,  Kushtaka,  and  Stillwater  formations)  may 
with  reasonable  certainty  be  placed  in  the  Miocene,  with  their  base 
probably  extending  down  into  the  Oligocene,  The  section  south  of 
Bering  Lake  presents  more  difficulties.  If  the  lower  ijeds  of  this  sec- 
tion lie  coj-reluted  with  the  higher  beds  of  the  coal  field  the  section 
would  be  all  Miocene  or  younger.  We  must  then  conclude  either  that 
the  conglomerates  of  the  hills  south  of  Bering  Lake  belong  at  the  top 
of  the  section  and  are  late  Miocene  or  younger  (in  which  case  they 
can  not  be  the  same  as  the  Oligocene  conglomerates  ui  Kayak  Island), 
or  that  they  have  lieen  placed  in  an  al>normal  position  by  an  unde- 
tected fault,  or  that  the  determination  of  the  Oligocene  RoHfeUUvfi  is 
incorrect.  Tf,  on  the  other  hand,  it  be  aasumed  that  the  sequence  in  the 
section  south  of  Bering  Lake,  as  given  on  p.  ^7,  is  correct  nn<l  tha^this 
entire  section  l>elongs  Ix^low  the  section  exposed  in  the  coal  tield,  tlien 
the  I'eference  of  the  conglomerate  to  the  Oligocene  would  fit  in  with 
tho  refei-ent^  of  the  rocks  overlying  the  coal  to  the  Miocene,  and  of 
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the  coal  measures  to  the  Miocene  or  Oligocene.  The  difficulty  would 
then  be  with  the  lower  part  of  the  section  south  of  the  lake,  and  it 
must  be  assumed  either  that  the  reference  of  these  faunas  to  the 
Miocene  is  incorrect  and  that  they  are  Oligocene  or  older,  or  that  they 
have  been  displaced  by  a  fault  of  which  the  existence  and  position 
have  been  overlooked. 

The  stratigraphy  and  structure  are  complicated  and  are  none  too 
well  known,  but  on  their  evidence,  taking  it  for  what  it  is  worth,  the 
author  would  be  inclined  to  place  all  the  rocks  south  of  Bering  Lake, 
with  the  conglomerates  (correlated  with  those  on  Kayak  and  Wing- 
ham  islands)  at  their  top,  below  the  section  exposed  in  the  coal  field. 
He  would  then  interpret  the  paleontology  to  mean  that  the  rocks  south 
of  Bering  Lake  are  Oligocene,  that  the  coal  measures  are  Oligocene 
with  a  possible  transition  to  the  Miocene,  and  that  all  the  rocks  above 
the  coal  are  Miocene.  The  faunal  discrepancies  would  then  be  ex- 
plained as  due  to  the  insufficiency  of  the  material  at  hand  from  these 
localities,  and  of  the  data  for  correlation  with  faunas  representing 
similar  geographic  conditions  in  other  localities.  But  if  the  paleon- 
tology requires  it,  if  further  study  confirms  the  suggestion  of  correla- 
tions made  above,  then  the  stratigraphy  and  structure  can  and  should 
be  interpreted  to  meet  the  requirements  of  the  paleontology.  It  would 
be  strange  indeed  if  the  writer's  interpretation  of  such  structure  as 
this  should  be  supported  in  all  respects  by  more  refined  methods  of 
work. 

IGNEOUS    ROCKS. 

Small  dikes  and  sills  are  very  abundant  in  the  Tertiary  rocks, 
especially  north  and  east  of  Stillwater  Creek.  None  were  recorded 
between  Stillwater  Greek  and  Bering  Lake,  but  several  were  seen  in 
the  region  south  of  Bering  Lake.  Most  of  these  masses  are  less  than 
1  or  2  feet  thick,  and  none  could  be  followed  along  the  surface  for 
any  considerable  distance.  The  largest  and  most  noticeable  are  indi- 
cated on  the  geologic  map  (PI.  V,  pocket). 

Basalt  is  the  predominant  kind  of  rock,  although  three  of  the  larger 
dikes  were  found  to  be  of  diabase.  One  of  these,  on  the  crest  of  the 
hill  between  Katalla  River  and  Clear  Creek,  has  a  width  of  about  20 
feet  and  a  length  of  several  hundred  feet,  and  is  the  largest  dike  seen 
in  the  Tertiary  rocks  of  the  mainland. 

The  small  basalt  sills  are  especially  interesting  for  the  reason  that 
they  were  frequently  intruded  along  coal  beds,  and  have  altered  the 
coal  for  a  few  inches  from  the  contact  to  a  dense  coke  with  well- 
marked  colunmar  joints  normal  to  the  surface  of  the  sill. 

A  large  mass  of  basaltic  glass,  with  augite  and  olivine  phenocrysts, 
was  seen  on  the  west  shore  of  Kayak  Island.  It  is  associated  with 
Tertiary  shale  and  conglomerate  and  is  probably  extrusive. 
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Another  hirgc  mass  of  extnirfivL*  n tutorial  was  seen  at  the  north  end 
of  Kayak  Island,  It  is  of  ttiffaceous  character,  but  the  mhiera logic 
composition  and  the  stratigraphic  relations^  were  not  determined. 

The  high  southern  peak  of  Kayak  Ishind,  known  as  Cape  St.  Elks 
(see  Ph  IVj  B^  p.  16),  and  the  neighboring  I'ocky  spire  are  se<?n,  from 
the  pjissiog  Nteaniers,  t«>  1j€*  composed  of  n  white  rock,  with  well- 
developed  basaltic  columns,  apparently  of  igneous  cliaractcr,  and 
ditTereiit  from  anything  st^en  elsewhere  in  the  region*  The  neigli bor- 
ing beaches  are  also  comj^osed  of  white  pel>l*ips  which  extern!  in  grad- 
ually diniinishiiig  proportiou  as  far  n^  the  north  end  of  the  island. 
where  specimens  were  collected  which  proved  to  Im?  dacite. 

The  met  amorphic  rocks  on  Wlnghani  Island  and  in  Ragged  Moun- 
tain are  assriciated  with  large  niunl>ers  of  igneous  masses  of  diverse 
character.  Most  of  them  are  much  altereil,  in  some  cases  to  gi^een- 
stone.  No  attempt  lu\s  been  made  to  show  on  the  nuip  the  distribution 
of  the  various  Jiuvsses  or  to  determine  their  niicroscupic  character. 
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The  pre-Quaternarv  rocks  of  this  region  have  a  general  nortlieast 
strike;   have  stei^p  dips,   which   are   northwestward   throughout  the 


Pt<3.  1, — Structure  on  n  dr^ek  In  the  nortlien^at  ii*rt  of  Bering  RLvi»r  coaI  Add. 

greater  part  of  the  region :  and  are  faulted.    The  northeast  strike  and 

northwest  dip  are  the  dominant  structural  feature??  of  the  region. 
The  strike  varies  from  the  northeasi:  most  markedly  between  Kush- 
taka  Lake  and  Berg  Lakes,  where  it  is  east  and  west,  and  at  points  in 
and  north  of  the  valley  of  Burls  Creek,  wiiere  it  is  northwest. 

Monocliua]  northwest  dip  holds  throughout  the  greater  part  of  the 
region  east  of  Kushtaka  Glacier  and  Kushtaka  Lake.  In  the-  north- 
east |>art  of  this  region  the  structure  is  not  as  simple  as  the  uniform 
strike  antl  nionoclinal  dip  immi  to  indicate.  The  folds  are  in  part 
overturned,  in  places  complexly  so,  and  a  complicated  system  of 
overthrust  faults,  shown  in  fig,  1,  adds  to  the  ctanplexity  of  the 
structure,  which  gradually   iucreast*s   from  southwest   to  northeast. 

The  structun*  between  Kuslitaka  T^ake  and  Shepherd  Creek  is  some* 
what  more  simple  than  in  the  eastern  district  devscribed  above.  In 
the  givater  part  o^  this  region  tlie  folds  are  open,  the  strike  north- 
eustf  and  the  dip  northwest,  although  southeast  dips  occur  in  several 
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areas  and  there  is  considerable  variation  in  strike  along  the  valley 
of  Shepherd  Creek.  The  structural  features  of  this  region  can  read- 
ily be  seen  by  inspection  of  the  geologic  map  and  structure  sections 
(PI.  V,  pocket).  At  least  four  faults  traverse  this  area.  An  over- 
thrust  near  the  crest  of  the  southern  end  of  Kushtaka  Ridge  has  cut 
out  the  Kiishta^a  formation  and  brought  the  Tokun  and  Stillwater 
formations  in  contact  with  each  other.  Another  fault  of  somewhat 
uncertain  character  extends  along  the  western  side  of  and  about  half 
way  down  Kushtaka  Ridge.  Along  the  eastern  side  of  the  valley  of 
Shepherd  Creek,  from  a  point  near  the  northern  end  of  Lake  Char- 
lotte to  1^  miles  below  the  lake,  two  faults  bound  a  block  of  south- 
eastward-dipping Kushtaka  formation  between  northwestward-dip- 
ping rocks  of  the  Tokun  formation.  An  anticline  has  its  axis  on 
Carbon  Creek,  and  another,  which  is  probably  a  prong  of  the  former, 
on  Queen  Creek.  Between  these  a  synclinal  mass  of  the  Tokun  for- 
mation lies  transversely  across  the  crest  of  Kushtaka  Ridge. 

The  region  west  of  Shepherd  Creek  presents  a  variety  of  features. 
The  belt  of  Tokun  formation  extending  northeast  and  southwest 
from  Lake  Tokun  contains  regular  structure  with  northeast  strike 
and  northwest  dip.  South  of  this  is  a  syncline  containing  the  rocks 
of  the  Kushtaka  formation.  This  fold  has  an  axis  oblique  to  tlie 
general  neighboring  structure,  is  cut  off  on  its  northwest  side  by  a 
fault,  and  has  a  steep  northward  pitch.  Farther  south  the  fault, 
already  described  as  extending  along  the  western  side  of  Kushtaka 
Ridge,  crosses  this  ridge  diagonally  from  Shepherd  Creek  to  Dick 
Creek,  and  along  it  the  Stillwater  formation  is  overthrust  upon  the 
Tokun  formation.  South  of  this  fault  are  several  folds,  most  of 
which  are  open.    Faults  probably  are  present,  but  were  not  detected. 

The  peninsula  south  of  Bering  Lake  shows  considerable  diversity 
of  structure.  The  region  east  of  Burls  Creek  has  north  and  northeast 
strikes,  and  both  east  and  west  dips.  An  anticline  extends  along  the 
canyon  of  Chilkat  Creek,  its  western  flank  being  broken  by  a  fault. 
East  of  this  fold  are  several  minor  ones,  the  most  noticeable  being  a 
closely  compressed  syncline  extending  diagonally  across  the  southern 
end  of  the  ridge  east  of  Chilkat  Creek,  and  shown  on  the  map  by  the 
position  of  a  belt  of  sandstone.  It  is  highly  probable  that  the  western 
bank  of  the  lower  north  and  south  course  of  Bering  River  is  on  the 
line  of  a  fault. 

The  valley  of  Burls  Creek  and  the  hills  northeast  of  it  contain 
several  folds  which  are  revealed  by  the  sinuous  boundary  of  the  shale 
and  sandstone.  These  folds  descend  into  the  valley  of  Burls  Creek 
and  die  out  or  are  cut  off  by  a  fault  against  the  steep  western  side  oi 
the  valley. 

The  hills  between  Burls  and  Jledwood  creeks  have  an  anticline  ex- 
tending northeast  and  southwest  through  the  headwaters  of  Split 
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Creek.  North  of  this  is  a  spoon-shaped  ^yncline,  divided  from  the 
aaticline  by  a  fault.  South  of  the  anliclint  Ihe  inoiiocliDal  south- 
ward  dip  continues  to  the  edge  of  the  flats  bordering  C(»ntroller  Bay* 
The  structure  of  this  area  is  shown  on  PL  V  (poc*ket).  Possibly  the 
valley  of  the  upper  east  fork  of  Redwood  Ci-e^k  contaihs  a  fault  which 
has  caused  a  repetition  of  the  shales  and  sandstones.  '  In  this  case  the 
h\mh  in  the  valley  of  Split  Creek  is  the  same  as  that  on  the  head- 
watei's  t^f  Kedwood  Creek,  and  the  sandstone  on  the  ridge  north  of 
Redwood  Creek  is  the  same  as  the  sandstone  underlying  the  conglom- 
erate on  the  ridge  south  of  it.  Another  possibility  is  that  the  upper 
valley  of  Redwood  Creek  and  the  ridge  nortli  of  it  each  contain  a 
closely  compressed  and  overturned  anticline  and  syncline,  which 
would  cause  a  repetition  of  the  beds  similar  to  that  which  would  occur 
by  faulting*  The  shales  antl  sandstones  are  near  enough  alike  to  ad- 
mit of  this  possibility,  but  tlie  fatdt  or  folds  have  not  been  founds  and 
the  presence  of  two  shales  and  sandstones  is  indicated  in  other  locali- 
ties. These  possibilities  have  been  alluded  to  in  the  description  of  the 
Katalla  formation  on  page  28, 

The  fact  tliat  the  sandstones  and  conglomerates  east  of  Redwood 
Creek  are  not  fcnnul  west  of  it  indicates  that  a  fault  of  considerable 
magnitude  extends  along  the  course  of  the  creek*  The  hills  between 
Kedwood  Creek  and  Katalla  River  have  an  irregidar  syncline  on  their 
southern  end,  and  several  small,  closely  compressed  folds  immediately 
west  of  it.  An  anticline  lies  southeast  of  this  fold,  extending  south- 
west ward  from  near  the  oil -drillers'  camp  at  Redwood,  where  it  is 
probably  cut  off  b}"  the  Redwood  Creek  fault,  to  near  the  head  of 
Katalla  Slough.  The  noilhern  end  of  the  I'idge  west  of  Redwood 
Creek  has  monot*linaI  southeast  dip. 

The  I'wks  of  the  crescent-shaped  hill,  extending  from  Cave  Point 
to  Point  Hey,  have  curving  strike  parallel  to  the  crest  of  the  hill  and 
(lip  toward  its  concave,  seaward  face.  This  appears  to  Ije  the  end  of  a 
seaward-pitching  syncline,  of  whicli  only  the  nose  remains  above  the 
ocean*  The  rocks  between  Katalla  River  and  the  base  of  the  steep 
eastern  slope  of  Ragged  Moimtain  have  a  general  northeast  strike  and 
a  diversity  of  dips  which  have  not  been  interpreted. 

The  base  of  the  steep  mountain  slope  mentioned  above  lies  on  the 
lijie  of  contact  between  the  Katalla  formation  and  metamorphic  rocks, 
The  latter  strike  east  and  west,  have  steep  and  divei-se  dips,  and  are 
considered  to  be  overthrust  upon  the  younger  shales  of  the  Katalla 
formation. 

Similar  relations  hold  on  Wingham  Island^  between  the  same  meta- 
morphic rocks  and  the  Tertiary  sandstone  which  is  in  contact  with 
them.    The  sandstone  and  the  slate  here  have  parallel  strike. 

The  rocks  of  Kayak  Island  strike  parallel  to  the  length  of  the 
ishwd  iiud  have  steep,  often  vertical,  dips. 
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The  structure  of  the  Nichawak  region  has  not  been  determined. 

The  structural  features  as  described  above  show  th^t  these  rocks 
have  been  involved  in  very  violent  crustal  movements.  The  rocks,  in 
spite  of  the  apparent  simplicity  of  structure  in  areas  of  uniform  mono- 
clinal  dip,  show,  on  closer  study,  that  much  of  the  simplicity  is  only 
apparent,  and  that  extreme  complexity  dominates  the  structural  fea- 
tures. The  problems  involved  are  illusive,  and  it  must  be  admitted 
not  only  that  our  present  knowledge  of  the  structural  details  in  most 
of  the  area  is  incomplete  and  unsatisfactory,  but  that  even  the 
broader  scheme  of  the  structure  is  not  definitely  known. 

The  presence  of  numerous  faults  has  been  alluded  to  above.  Other 
faults  are  doubtless  present,  and  faulting  has  probably  played  a  large 
and  important  part  in  the  development  of  the  structure. 

Certain  facts  concerning  the  presence  and  distribution  of  petroleum, 
which  will  be  described  later  (p.  115),  call  for  structural  theories, 
which  are  not  required  by  the  distribution  and  attitude  of  the  rocks 
at  the  surface.  The  facts  difficult  of  explanation  are  (1)  the  pres- 
ence of  light -gravity  petroleum,  which  yields  on  distillation  a  large 
proportion  of  naphthas  and  kerosene,  in  Tertiary  rocks  which  have 
been  highly  folded,  and  (2)  the  distribution  of  the  oil  seepages  in  a 
narrow  belt  which  is  diagonal  both  to  the  structure  and  to  belts  of 
outcrop  of  rocks  of  different  kinds. 

The  theory  suggested  in  explanation  of  these  facts  will  be  present- 
ed in  greater  detail  below  (p.  115).  This  theoxy  supposes  (1)  that 
there  was,  in  late  Tertiary  or  in  post-Tertiary  time,  a  zone  of  intense 
deformation  in  the  present  position  of  the  Chugach  Mountains,  but 
that  these  conditions  did  not  extend  into  the  coastal  part  of  the  region 
here  described;  (2)  that  the  rocks  now  outcropping  on  the  shore  of 
Controller  Bay  were  then  well  to  the  north  of  their  present  position 
and  were  involved  in  these  intense  movements;  (3)  that,  as  a  final 
stage  in  this  deformation,  the  Tertiary  rocks  rode  southward  in  one  or 
more  great  overthrusts  and  came  to  rest  upon  Mesozoic  strata,  which 
were  at  a  distance  from  the  zone  of  intense  deformation  and  hence  not 
affected  by  it.  This  theory,  although  not  directly  supported  by  any 
known  facts  of  structural  detail,  fits  in  with  many  facts  which  nnr 
otherwise  unexplained.  It  gives  significance  to  the  straight  shore  of 
this  part  of  the  Pacific  Ocean  and  to  the  clearly  defined  line  parallel 
to  it,  which  separates  the  high  Chugach  Mountains  from  the  lower 
foothills.  It  accounts  for  the  local  absence  of  the  Mesozoic  rocks, 
which  are  so  well  developed  (see  p.  115),  both  north  of  the  Chugach 
Mountains  and  in  the  Cook  Inlet  and  Alaska  Peninsula  regions.  It 
explains  the  presence  of  light-gravity  petroleum  in  rocks  of  this  age 
and  degree  of  deformation,  and  also  the  distribution  of  the  petroleum 
at  variance  with  the  surface  stratigraphy  and  structure.  It  is  not  con  - 
tradicted  or  made  improbable  by  any  known  facts  of  t\\e  \oq,^\  ^<^<:\q'^n  , 
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but  is  suppoitcd  by  the  fact  that  at  the  base  of  Mtnint  St.  Elias,* 
not  far  txj  tlie.  eas^t  and  in  tlie  siinie  position  relative  to  the  Chii^ach 
Mountains  and  to  the  Pacific  shore*  gneissse.s  are  Iciiown  to  be  over- 
thru}!st  upon  the  younger  and  possibly  upiin  Pliocene  or  Pleistocene 

rocks, 

QrATKRNARV. 
MAROre  BltT  AKD   OLAT. 

These  deposits  are  lx*g^t  exposed  on  the  west  shore  of  the  i^iutheast 

{joint  of  Winghatu  Island,  where  they  out  crop  in  the  st^a  cliff  for 
one- third  of  a  mile.  They  are  buinideil  on  the  east  by  vertical  con- 
glomerate and  on  the  west  by  steeply  dipping  sandst4>ne.  The  eroded 
surface  of  the  upturned  edges  of  these  Tertiary  rocks  have  been  cut 
or  warped  into  a  shallow  trough  in  which  the  younger  l}eds  lie  in  a 
geatle  syncline,  wdth  maximum  dips  of  about  20^< 

The  base  of  these  beds  is  Ijelow  tide  in  the  center  of  the  trough. 
They  extend  up  to  a  maximum  of  about  100  feet  above  high  tide. 
The  lower  beds  are  of  clay  and  silt,  containing  some  sand  and  peb- 
bles, with  glacial  scratches,  an<I  have  a  maxinnim  exposed  thickness 
of  about  30  feet.  Abundant,  fiut  poorly  preserved,  marine  fossils  are 
present.  The  upper  Ijeds  are  from  30  to  50  feet  thick.  They  consist 
chiefly  of  coarse  sand,  but  contain  several  bands,  each  from  6  inches 
to  2  feet  thick,  composted  of  gravel  and  bowlders  with  glacial 
scratches.    They  rest  conformably  upon  the  lower  l>eds* 

Similar  clay,  with  marine  fossils  and  scratched  pebbles,  were  seen 
on  the  east  shore  of  Winghani  Island  about  li  miles  north  of  Kayak, 
They  were  poorly  exposed  at  this  locality.  Beds  of  this  character 
douiiUess  underlie  much  of  t!ie  alluvial  flats  of  the  region,  but.  al- 
though carefully  searched  for.  were  not  seen  at  any  point  except  on 
Wingham  Island.  It  seen^s  probable  that  no  other  part  uf  the  i-egion 
has  been  raised  from  Ixuieath  the  sea  in  recent  time. 

The  following  report  was  submitted  by  W.  H.  Dall  on  a  small 
collection  of  fossils  from  the  west  shore  of  tlie  southeast  point  of 
\Vi  n  gh  a  m  Isl  a  n  d ; 

(4*i01>)  Bowlder  flay  fossU?*,  Tiiiieli  ernf5he<T  ami  liroken :  rmitains  *vrrH/ir.*i 
f/mnJfindktt.^  ami  sjieeies  uf  Maroma,  Mya  near  anmnriti,  AAfatit'  (?),  TcUinu 
{'*},  Modioiufiy  Bda,  and  BuhmtDt,  too  imiierfect  to  determlue  si>eclflcaUy- 

lhsiertpt/f>n.^Bi}Tir]g  (llacier  occupies  the  coastal  tmlt  between  th^ 
Chugach  Mountains  and  the  ocean,  from  the  eastern  border  of  the 

*  Umsx^U,  Israel  C.  Soeoud  expedition  to  Mount  St,  Elhks  i  Thirteenth  Ann,  RepL  U.  B. 
GeoL  Survey,  pt,  2,  1803,  p.  3D. 


Cont roller  Bay  flats  for  a  ilistanco  of  about  TO  mil«?s  eastward.  Its 
nivii  18  probably  bc*t>veen  1,000  and  IJ)0(}  ^iiare  miles,  tliu.s  closely 
approaching,  if  not  equal  in  g,  in  sizf»  Malaspina  (ilacier,  the  an^a  of 
which  was  estimated  by  Russell  to  be  1,500  ^luain?  niilt^s, 

Thi?^  glacier,  like  the  Malaspina  Glacier  not  far  east  of  it,  i?^  of  tlu* 
piedmont  type,  and  as  siieh  repre-sent.s  the  expen<ied  and  eoaleseed 
termini  of  many  valkn*  glaciers.  These  tributaries  originati>  in  the 
high  jinow  fields  of  the  Chugach  Mountains,  flow  out  through  all  the 
valleys,  and  unite  on  reaching  the  lower  levels  to  fonn  a  vast  plateau 
of  ice,  which  covers  the  flats  from  the  bas^  of  the  mountains  to  the 
sea*  The  largest  of  these  tributaries  is  probably  the  one  which  heads 
on  the  divide  at  the  source  of  Tana  River,  the  largest  southern  tribu- 
tary of  tlie  Chitina.  These  tributaries  differ  little,  if  any,  from 
valley  glaciei*s  of  other  regions. 

The  most  strikiug  feature  of  Bering  Glacierj  aside  from  its  size,  is 
the  flat  surface  of  its  main  area,  (See  PL  VI,  .1.)  This  featui*e^ 
which  it  has  in  common  with  Malaspina  and  (irand  Plateau  glaciers, 
m  an  essential  chai*acteristie  of  piedmont  glaciers*  The  tributaries 
come  out  from  the  high  valleys  on  steep  grades  and  reach  tlie  main 
glacier  at  an  elevation  of  almut  1,500  feet.  From  this  general  eleva- 
tion the  glacier  slopes  gi*jidually  toward  the  sea,  descending  both  in 
low,  even  grades,  characterized  by  a  relatively  smcM)th  ic<*  surface 
without  wide  crevasses,  and  in  steeper  slopes  on  which  the  ice  is  much 
crevassed.  The  westei^n  edge  of  the  glacier  is  well  to  the  west  of  any 
of  the  tributaries  and  is  at  a  much  lower  level  than  the  a^ntrnl  part, 
Thi^  descent  is  attained  chiefly  by  a  numbtir  of  stee^j  grades,  eacli  at 
the  end  of  a  mountain  spur,  the  surface  of  the  ice  being  almost  level 
between  them.  Good  examples  of  such  ice  falls  are  those  at  the  end 
of  Carlxm  Mountain  and  at  the  end  of  the  ridge  east  of  Berg  Lakes, 

Mor€tiv€, — Enormous  amounts  of  detritus  are  accuninlated  on  the 
margin  of  the  glacier,  esi>ecially  along  the  western  and  southern 
fronts.  A  large  part  of  this  moraine  is  on  the  surface  of  the  glacier, 
the  ice  in  many  places  Ix^ing  so  buried  as  not  to  be  visible  except  in 
the  ice  cliffs  on  the  borders  of  lakes  or  in  the  deepest  crevaf^ses*  (PL 
VI,  B,)  This  surface  moraine  is  in  many  places  covered  by  dense 
forests  which  are  in  general  restricted  to  a  belt  along  the  margin  not 
more  thau  a  mile  wide. 

The  lateral  moraine,  where  it  I'ests  against  the  hills,  eonsists  usu* 
ally  of  a  ridge  separated  from  the  neighboring  hillside  by  a  water 
course. 

Marginal  lukes. — The  five  Berg  Lakes,  situated  on  the  margin  of 
Bering  Glacier  (PL  II),  near  the  northeast  comer  of  the  region  under 
discussion,  present  some  interesting  features.  These  lakes  are  l>or- 
<]ered  on  their  landward  sides  by  steep  banks,  which  are  in  general 
barren  of  vegetation  and  which  are  covered  chiefly  with  glacial  debris. 
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(PL  VT,  A.)  These  bankn  extend  to  an  elevation  of  about  1,000  feet 
above  tide,  or  about  200  feet  above  the  levol  of  the  hikes.  They  are 
cut  and  built  into  well-developed  terifices,  which  mark  former  stagey 
in  the  elevation  of  the  hikes.  The  lower  terraces  are  entirely  barren 
of  vegetation,  but  the  upi:»er  ones  have  a  scant  growth  of  grass,  herbs, 
and  small  busheSj  which  are  only  a  few  years  old. 

The  surface  of  the  four  western  lakes  is  known  to  lie  at  the  same 
altitude  (about  810  feet  in  11)05),  and  Fifth  Lake  probably  is  at 
the  same  level. 

These  lakes  are  certainly  connected  by  water  channels  through  th© 
crevasses  of  the  glacier,  and  possibly  by  open  spaces  under  the  ice. 
The  surface  of  the  ice  is  level,  exeept  where  it  rests  against  the  land 
on  the  points  lietween  the  lakes.  The  identity  in  the  altitude  of  the 
lakes,  the  level  surface^  of  the  ice  between  the  lakes,  and  the  way  in 
which  l>ergs  break  oif  on  the  margin  of  Fii'st  Lake  show  that  this  arm 
of  the  glacier  is  floating  in  one  large  lake,  of  w^hich  the  five  Berg  Lakes 
are  only  open  areas.  The  surface  of  the  glacier,  after  a  gentle  slope, 
descends  in  a  low,  crevassed  ieefall  to  its  floating  level. 

The  level  of  the  lake  is  oscillating.  The  absence  of  vegetation  on 
the  lower  terraces  shows  that  it  has  fallen  in  I'ecent  yeai^s.  In  June, 
1905,  it  was  rising  several  inches  per  day.  The  outlet  of  the  lake, 
which  is  beneath  the  ice  at  the  end  of  the  long  point  south  of  First 
Lake,  becomes  choked  with  delji'is  at  irregular  intervals.  The  water 
then  rises  until  the  pressure  clears  the  outlet  or  till  the  water  can 
flow  on  the  surf  ace  around  the  end  of  the  point,  when  the  lake  is 
emptied,  causing  severe  floods  in  the  valley  of  Bering  River, 

Conditions  are  similar  to  those  at  the  Marjelen  See,^  except  that  at 
Berg  Lakes  a  large  area  of  glacier  is  floating  in  one  large  lake*  which 
appears  on  the  surface  as  five  small  ones.  Lake  Ca>tani,  Mirror  Lake, 
and  the  numerous  other  marginal  lakes  ^  at  the  head  of  Yahtse  River, 
between  the  edge  of  Malaspina  Glacier  and  the  sides  of  Chaix  Hills, 
possibly  offer  a  closer  resemblance,  though  Russell  has  not  stated 
whether  any  of  these  lakes  are  at  the  same  level  and  possibly  con- 
nected.   Most  of  them,  however,  are  descril>ed  as  not  at  the  same  level* 

A  serie^s  of  chains  of  small  marginal  lakes,  of  somewhat  ditferent 
type,  extends  along  the  western  margin  of  the  glacier  between  Bering 
River  and  Xichawak  Moimtain,  These  lakes  are  bordered  on  one  side 
by  the  margin  of  the  ice  and  on  the  other  by  the  terminal  luoraine* 


MASTIN  61  VICE  GLACISLB, 

Deseriptimi. — This  glacier,  which  is  situated  between  the  hills  nortl 
of  Bering  River  (Pis,  L  p*  10;  IV,  J,  p.  1*>)  and  the  base  of  the 

*Lyell.  S!r  Chnrlefl.  Prlnclpala  of  geolORy,  lOtb  ed.,  1KG7,  vol.   L  pp.  376-379. 
'^RuBSen,    ItiraL'l    C,    St'coiid    <>xi>e<Ut]oii    to    Mount    Bt,    ^lias,    1891:    TMrteentti    Atm. 
Eept  U.  B.  G&}1  Surrey,  pi,  2,  l%m,  m*  TS-^O. 
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Chugach  Mountains,  has  an  area  of  about  100  square  miles,  not  count- 
ing its  uttermost  tributaries,  some  of  which  extend  for  an  unknown 
distance  into  the  mountains.  It  resembles  Bering  Glacier,  in  being 
situated  at  the  base  of  the  Chugach  Mountains,  in  having  its  longest 
dimension  parallel  to  the  mountains,  and  in  being  the  united  dissipator 
of  many  smaller  glaciers,  which  descend  from  the  high  mountains. 

It  differs  from  the  Bering  and  Malaspina  glaciers  in  having  a 
range  of  hills  along  its  southern  margin.  It  is  consequently,  in  shape 
and  position,  somewhat  like  a  large  valley  glacier,  although  it  differs 
from  valley  glaciers  of  the  usual  type,  and  resembles  piedmont  gla- 
ciers, in  being  a  nearly  stagnant  mass  of  ice  along  the  front  of  the 
mountains  which  supply  the  reservoirs  of  its  tributaries,  and  in  hav- 
ing those  tributaries  on  only  one  side.  But  for  the  nonessential  posi- 
tion of  the  hills  of  the  Bering  River  coal  field  betw^een  it  and  the 
coast,  it  would  be  a  piedmont  glacier.  It  may,  perhaps,  best  be  placed 
in  an  intermediate  class. 

The  tributaries  come  out  from  the  mountains  on  steep  grades,  join- 
ing others,  swelling  their  volumes  at  almost  every  valley  they  pass. 
From  each  of  these  points  of  juncture,  below  snow  line,  a  band  of 
medial  moraine  is  formed  from  the  lateral  moraines  of  the  uniting 
glaciers  (PI.  IV,  A^  p.  16).  The  formation  of  the  main  glacier  takes 
place  in  the  same  way  as  its  immediate  tributaries,  and  long  lines  of 
medial  moraine  extend  down  from  each  juncture  point.  These  mor- 
aines spread  out  and  become  scattered  over  the  broad  surface  of  the 
flat  expansion  of  the  lower  end  of  the  main  glacier.  The  condition 
of  much  of  this  surface  is  not  unlike  that  of  the  Bering  Glacier,  be- 
ing flat,  not  much  crevassed,  covered  with  a  heavy  coating  of  moraine, 
and  having  forests  over  a  considerable  part  of  it.  Descending  lo!)es 
extend  into  the  valleys  of  Kushtaka  Lake  and  Lake  Charlotte. 

Moraine. — ^The  lateral  moraine  on  the  southern  margin  of  the 
glacier  consists  of  heavy  accumulations  of  debris,  separated  from  the 
bordering  hillsides  by  watercourses,  between  which  and  the  general 
surface  of  the  glacier  the  moraine  forms  a  high  sharp  ridge. 

The  terminal  moraine  across  the  western  end  is  a  broad,  hummocky 
mass  of  detritus,  which  grades  imperceptibly,  as  far  as  the  surface  is 
concerned,  into  the  moraine-buried  and  forested  end  of  the  glacier. 

Marginal  lakes. — There  are  two  small  marginal  lakes  on  the  north- 
ern edge  of  the  glacier.  Like  Berg  Lakes,  each  of  them  is  imprisoned 
between  a  mountain  spur  and  the  edge  of  the  ice. 

MINOR   GLACIERS. 

Slope  Glacier,  three  small  glaciers  near  it,  and  an  unknown^nuniher 
of  small  glaciers  on  the  west  side  of  Ragged  Mountain   (only  ono 
of  which  is  show^n  on  the  map)  are  of  interest  in  showing  the  favor- 
able conditions  for  the  formation  of  glaciers  which  now  exist  in  this. 
21803— BulJ.  335—08 4 
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(PL  VI,  A.)  These  banks^  extenfl  to  \m  elevation  of  about  1,000  feet 
above  tide,  or  about  200  feet  above  the  level  of  the  lakes.  Thej  are 
cut  and  built  into  well-developed  terraces,  which  mark  former  stages 
in  the  elevation  of  the  lakes.  The  lower  terra ce?^  are  entirely  barren 
of  vegetation,  but  the  upper  ones  have  a  .scant  growth  of  grass*  her 
and  small  bushes,  which  are  only  a  few  years  old. 

The  surface  of  the  four  western  hikes  in  known  t**  be  at  the  sal 
altitude  (about  810  feet  in  rj05),  and  Fifth  Lake  probably  is  st^ 
the  same  level. 

These  lakes  are  certainly  ex)iinected  by  water  channels  through  the 
crevasses  of  the  glacier,  and  possibly  by  open  spaces  under  the  ice. 
The  surface  of  tlie  ice  is  level,  except  where  it  rests  against  the  land 
on  the  points  between  the  lakes.  The  identity  in  the  altitude  of  the 
lakes^  the  level  surface  of  tlie  ice  between  the  lakes,  and  the  way  in 
which  bergs  break  off  on  the  margin  of  First  Lake  show  that  this  arm 
of  the  glacier  is  floating  in  one  large  lake,  of  which  the  five  Berg  Lakes 
are  only  open  areas.  The  surface  of  the  glacier,  after  a  gentle  slope, 
descends  in  a  low,  crevassed  icefall  to  its  floating  level. 

The  level  of  the  lake  is  oscillating.  The  absence  of  vegetation  on 
the  lower  terraces  shows  that  it  has  fallen  in  recent  years.  In  June^ 
1903,  it  was  rising  several  inches  per  day.  The  outlet  of  the  lake, 
which  is  beneath  the  ice  at  the  end  of  the  long  point  south  of  First 
Lake,  becomes  choked  with  debris  at  irregular  intervals.  The  vs^ater 
then  rises  until  the  pressure  clears  the  outlet  or  till  the  water  can 
flow  on  the  surface  around  the  end  of  the  point,  when  the  lake  is 
emptied,  causing  severe  floods  in  the  valley  of  Bering  River, 

Conditions  are  similar  to  those  at  the  Marjelen  See,"  except  that  at 
Berg  Lakes  a  large  area  of  glacier  is  floating  in  one  large  lake,  which 
appears  on  the  surface  as  five  small  ones.  Lake  Csetani,  Alirror  Lake, 
and  the  numerous  other  marginal  lakes  ^  at  the  liead  of  Yahtse  River, 
between  the  edge  of  Ma  la  spina  Glacier  and  the  sides  of  Chaix  Hills  j 
possibly  ofl'er  a  closer  resemblance,  though  Russell  has  not  stated 
whether  any  of  these  lakes  are  at  the  same  level  and  possibly  con- 
nected.   Most  of  them,  however,  are  described  as  not  at  the  same  level. 

A  serie^s  of  chains  of  small  marginal  lakes,  of  somewhat  difl'erent 
type,  extends  along  the  western  margin  of  the  glacier  between  Bering 
River  and  Nichawak  Momitain.  These  lakes  are  bordered  on  one  side 
by  the  margin  of  the  ice  and  on  the  other  by  the  terminal  muraine, 

NJABTIN   EIVEB   OLACIEIL 

Descriptimi, — ^This  glacier,  which  is  situated  between  the  hills  nor^ 
of  Bering  River  (Pis.  I,  p.  10;  IV,    1,  p,  10)  and  the  base  of  the 

*  LycU,  Sir  Chftrles,  Prlacipala  of  geology,  10th  ed.,  18flT,  toK  1i  pp*  37B-3T0. 

*  EuBsell*  [Bfuel  C.  Second  eipedltioo  ti^  Mount  St,  Ellas.  1801 :  TMrteenth  Ann. 
Mept  U.  S,  GeoJ.  Survey,  pt.  2, 1893,  pp.  76^S0. 
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Chugach  Mountains,  has  an  area  of  about  100  square  miles,  not  count- 
ing its  uttermost  tributaries,  some  of  which  extend  for  an  unknown 
distance  into  the  mountains.  It  resembles  Bering  Glacier,  in  being 
situated  at  the  base  of  the  Chugach  Mountains,  in  having  its  longest 
dimension  parallel  to  the  mountains,  and  in  being  the  united  dissipator 
of  many  smaller  glaciers,  which  descend  from  the  high  mountains. 

It  differs  from  the  Bering  and  Malaspina  glaciers  in  having  a 
range  of  hills  along  its  southern  margin.  It  is  consequently,  in  shai)o 
and  position,  somewhat  like  a  large  valley  glacier,  although  it  differs 
from  valley  glaciers  of  the  usual  type,  and  resembles  piedmont  gla- 
ciei's,  in  being  a  nearly  stagnant  mass  of  ice  along  the  front  of  the 
mountains  which  supply  the  reservoirs  of  its  tributaries,  and  in  hav- 
ing those  tributaries  on  only  one  side.  But  for  the  nonessential  posi- 
tion of  the  hills  of  the  Bering  River  coal  field  between  it  and  the 
coast,  it  would  be  a  piedmont  glacier.  It  may,  perhaps,  best  be  placed 
in  an  intermediate  class. 

The  tributaries  come  out  from  the  mountains  on  steep  grades,  join- 
ing others,  swelling  their  volumes  at  almost  every  valley  they  pass. 
From  each  of  these  points  of  juncture,  below  snow  line,  a  band  of 
medial  moraine  is  formed  from  the  lateral  moraines  of  the  uniting 
glaciers  (PI.  IV,  Aj  p.  16).  The  formation  of  the  main  glacier  takes 
place  in  the  same  way  as  its  immediate  tributaries,  and  long  lines  of 
medial  moraine  extend  down  from  each  juncture  point.  These  mor- 
aines spread  out  and  become  scattered  over  the  broad  surface  of  the 
flat  expansion  of  the  lower  end  of  the  main  glacier.  The  condition 
of  much  of  this  surface  is  not  unlike  that  of  the  Bering  Glacier,  be- 
ing flat,  not  much  crevassed,  covered  with  a  heavy  coating  of  moraine, 
and  having  forests  over  a  considerable  part  of  it.  Descending  lobes 
extend  into  the  valleys  of  Kushtaka  Lake  and  Lake  Charlotte. 

Moraine. — ^The  lateral  moraine  on  the  southern  margin  of  the 
glacier  consists  of  heavy  accumulations  of  debris,  separated  from  the 
bordering  hillsides  by  watercourses,  between  which  and  the  general 
surface  of  the  glacier  the  moraine  forms  a  high  sharp  ridge. 

The  terminal  moraine  across  the  western  end  is  a  broad,  hummocky 
mass  of  detritus,  which  grades  imperceptibly,  as  far  as  the  surface  is 
concerned,  into  the  moraine-buried  and  forested  end  of  the  glacier. 

Marginal  lakes. — There  are  two  small  marginal  lakes  on  the  north- 
ern edge  of  the  glacier.  Like  Berg  Lakes,  each  of  them  is  impr^oned 
between  a  mountain  spur  and  the  edge  of  the  ice. 

MINOR    GLACIERS. 

Slope  Glacier,  three  small  glaciers  near  it,  and  an  unknown*numl)er 
of  small  glaciers  on  the  west  side  of  Ragged  Mountain   (only  o\w 
of  which  is  shown  on  the  map)  are  of  interest  in  showing  the  favor- 
able conditions  for  the  formation  of  glaciers  which  now  exist  iw  Uv\^ 
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region,  and  in  showing  what  the  probable  conditions  were  during  the 
maximiiiii  local  extension  of  the  ice, 

Thej^c  ghiciers  come  from  ^nowfields,  which  in  f?ome  case^  do  not 
extend  above  iin  eleviition  of  2,700  or  2,800  feet,  and  in  general  melt 
away  at  elevations  of  from  2,000  to  2,500  feet*  They  thus  establidi 
the  fact  that  the  present  local  s^nowline  is  below  2,700  feet^  and  this 
is  confirmed  by  the  medial  moraines  on  the  larger  glaciers,  which 
appear  at  an  elevation  slightly  less  tlian  2,500  feet. 

GLAGI4I.  BEFOSITSt 


The  uuiximum  known  glaciatiou  of  this  region  is  represented  by 

the  moraine  shown  on  the  geologic  map  (PL  V,  pocket)  as  l>ordering 
Martin  River  Glacier,  and  by  numerous  small  cirques  which  ai^  quite 
generally  distributed  over  the  higher  ridges* 

The  oltl  moraine  of  JIartiu  River  Giacier  extends  for  a  varying 
distance  up  the  northwest  slope  of  Cunningham  Ridge,  descendi^  into 
the  valley  of  Stillwater  Creek,  encircles  Kushtaka  Lake,  rides  over 
the  sides  and  northern  end  of  the  group  of  mountains  1x4 ween  Kush- 
taka Lake  and  Iwake  Charlotte,  and  borders  the  northern  Hank  of  the 
grou])  of  hills  west  of  Lake  Charlotte,  The  position  of  this  moraine 
on  low  ground  is  on  the  line  of  little  hills  at  the  southwest  end  of 
Kushtaka  Lake,  one-half  mile  below  the  ciutlet  of  Lake  Charlotte  in 
the  Shepherd  Creek  valley,  and  about  three  miles  Ijeyond  the  pres- 
ent front  of  the  glacier  in  the  Martin  River  valley.  It  extends  up  the 
hillside  to  maximum  elevations  of  tU}0  or  700  feet  above  tlie  present 
pot^ition  of  the  edge  of  tlie  glacier.  The  corresponding  mnraine  of 
Bering  Glacier  has  not  lieen  mapped,  btit  foreign  morainie  material 
is  known  to  Ih}  absent  from  the  valleys  bordering  on  Berg  Liikes  at 
elevations  exceeding  about  1,000  feet,  or  al>out  200  feet  almve  the 
present  vertical  position  of  the  glacier,  and  also  from  the  north  banks 
of  Bering  River  on  both  sides  of  Stillwater  Creek  at  distances  of  one- 
half  mile  and  one- third  mile  from  the  pi'esent  margin  of  tlie  ice* 

These  facts  indicate  that  conditions  of  luaxinmm  glariation  were 
re|>resented  by  an  increase  in  the  extent  of  Martin  River  Glacier  to 
the  limits  indicated  alwve,  by  little  if  any  extension  of  Bering  Glacier 
(at  least  along  its  northwest  margin),  and  by  the  pi^sence  of  a  large 
nimiber  of  small  glaciers  in  sheltered  valleys.  The  vertical  |x>sition 
of  the  latter,  compared  with  the  present  distribution  of  sucli  glaciers 
in  this  region,  shows  that  the  snow  line  was  then  about  1,000  feet 
lower  than  it  now  is.  This  might  mean,  as  far  as  the  evidence  from 
existing  glaciers  and  abandoned  cinines  is  concerned,  that  either  gen* 
eral  climatic  changes,  or  a  change  of  l,Ot)0  feet  in  the  elevation  of  the 
land,  caused  the  change  of  1,000  feet  in  snow  line.  Other  lines  of 
evidence^  such  as  the  depth  of  ullavium-fillcd  \'aUeysj  indicate  that 
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change  in  level  has  been  responsible  for  the  rise  in  the  snow  line  and 
the  retreat  of  the  glaciers. 

The  restriction  of  morainic  material  to  the  limits  indicated  above 
might  be  explained  according  to  the  following  hypotheses : 

1.  That  moraine  formerly  existing  has  been  removed  by  erosion. 

2.  That  the  region  was  submerged  during  maximum  glaciation  to 
such  an  extent  that  the  glaciers  entered  the  sea  at  the  present  lower 
limits  of  the  moraine. 

3.  That  extreme  glacial  conditions  were  so  mild  as  not  to  send  the 
ice  beyond  the  present  known  extent  of  the  moraine. 

4.  That  the  land  was  elevated  during  the  maximum  glaciation, 
and  that  the  large  glaciers  went  out  through  valleys  now  submerged 
or  filled  with  alluvium. 

The  first  hypothesis  fails  in  that  the  complete  removing  of  all 
material  (even  in  sheltered  places)  over  most  of  the  area  is  unex- 
plained and  most  improbable,  especially  in  the  presence  of  the  large, 
untouched  moraines  bordering  the  present  position  of  Martin  River 
Glacier  and  of  many  small,  untouched  moraines  composed  of  local 
material  in  other  places.  We  have  to  deal  with  the  presence  of  large 
moraines  composed  of  foreign  material  at  the  lower  altitudes  and  near 
the  Martin  River  Glacier,  and  of  small  moraines  composed  of  local 
material  at  high  altitudes  and  in  localities  sheltered  from  melting, 
and  with  the  absence  of  all  moraine  at  intermediate  altitudes.  The 
distribution  calls  for  an  explanation  of  genetic  origin.  Destrnc - 
tional  agencies  could  not  be  so  complexly  selective  in  the  distribution 
of  their  fields  of  operation. 

The  second  hypothesis  fails  by  the  absence  of  any  physiographic  or 
sedimentary  evidence  of  such  submergence.  There  are  no  wave-cut 
benches;  no  elevated  beaches,  except  the  lake  beaches  described  on 
p.  52;  and  no  unconsolidated  marine  sediments,  except  those  occur- 
ring at  a  low  level  on  Wingham  Island.     (See  p.  46.) 

The  third  hypothesis  can  be  accepted  as  far  as  it  re%rs  to  the  \\p- 
ward  limit  of  the  moraine  of  the  larger  glaciers  and  to  the  extreme 
limits  of  the  small,  local,  cirque-bound  glaciers.  The  possibility  of 
further  extension  of  the  large  glaciers  beneath  the  present  alluvium 
must,  however,  be  admitted.  This  will  be  considered  under  the 
fourth  hypothesis,  which  is  more  comprehensive  than  the  third. 

The  fourth  hypothesis  is  harmonious  with  all  the  evidence  at  hand. 
If  the  land  were  elevated  1,000  feet  the  snow  line  would  fall  the  same 
distance  and  local  glaciers  would  form  in  the  now  abandoned  glacial 
cirques.  The  lowering  of  the  snow  line  would  increase  the  reservoir 
area  of  the  larger  glaciers,  and  hence  their  flow.  They  would  rise 
on  the  hillsides,  presumably  to  some  such  elevation  as  that  of  the  high 
moraines  bordering  Martin  River  Glacier.  They  would  extend  their 
valley  tongues,  but  this  extension  would  be  buried  by  riv^Y  ds?<^^^\V^ 
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during  subsequent  depreMsion,  The  hnmd  iilluvial  Hats  ai'e  known  to 
be  filled  with  imconsolidiited  tnaterial  tu  depths  exceetling  280  feet 
in  Ktitalla  Valley  and  exceeding  580  feet  on  the  east  bank  of  Bering 
Kivei\  the  total  depth  in  l)oth  eus^eH  (pp.  lUK  liil)  being  unknown. 
The  glaciers,  during  such  an  elevation,  could  eouseqitently  have  ex- 
tended far  l>ejond  the  present  ocean  shore..  In  this  conneetion  there 
ii^  significance  in  Dawson's  suggestion"  that  the  Im> wider  clay  de- 
scribed by  him  from  Middleton  Island  was  laid  down  in  the  sea  dur- 
ing a  hypothetical  extension  of  Pleistocene  glaciers  from  the  main- 
land* Middleton  Island  is  76  miles  southwest  of  Katnlla  and  50 
miles  from  the  nearest  shores  of  Montague  and  Hinchinbi'ook  islantls. 
It  lies  inside  the  100-fathoni  curve,  as  given  on  the  present  charts, 
and  hence  would  probably  be  connected  with  the  maiidand  during 
any  such  elevation  as  is  supposcnl  alcove. 


LAKii:  nKeosiT«. 


The  five  Berg  Lakes  on  the  juurgin  of  Bering  (ilacier,  the  physio- 
graphic features  of  which  have  l*een  already  described  (p.  47),  are 
bordered  on  their  lanrlward  sides  by  banks  which,  up  to  an  elevation 
of  about  200  feet  above  the  level  of  the  lakes,  are  cut  and  built  into 
terraces  which  mark  stages  in  the  former  elevation  of  the  lakes. 
These  terraces  are  composed  of  glacial  debris  which  bus  l>een  re- 
worked by  the  waters  of  the  Irtkes.  These  deposits  are  known  to  In? 
very  thin  in  places,  where  ledges  of  rucks  are  exposed,  but  their  mux* 
inium  thickness  is  not  known. 


STREAM  AHP  BEAQE  SEP08ITB. 

The  eastern  shore  of  Bering  River,  and  of  Controller  Bay,  from  the 
margin  of  Bering  Glacier  to  the  ocean,  is  a  flat  plain  of  mud,  sand, 
and  gravel,  constantly  growing  by  the  a<ldition  of  sediment  which 
the  glacial  streams  carry  and  deposit  along  their  courses  and  at  their 
moutha  Nitfliawak  Mountain,  Mount  Camplxdl,  Gnndil  Mountain, 
and  the  Suckling  Hills  rise  Hke  islands  from  this  plain,  and  it  seems 
certain  that  a  verj^  short  time  ago  they  were  islands  in  an  older  ex- 
tension of  Controller  Bay,  which  was  then,  as  now,  l>eing  filled  by  the 
sediment  of  these  glacial  streams.  These  younger  fluviatile  Quater- 
nary deposits  cover  large^  areas  in  the  valleys  of  Canyon  and  Stilb 
water  creeks,  and  extend  along  the  northern  bank  of  Bering  River 
from  Shockum  Mountains  to  Bering  Lake.  They  also  extend  up  the 
valley  of  Shepherd  Creek  to  one-half  mile  below  Lake  Charlotte  and 
to  the  moraine  across  the  southwest  end  of  Lake  Kushtaktu  The 
valley  of  Katalla  River  and  of  the  streams  which  head  near  it  and 
flow  into  Bering  Lake  is  floored  with  the  same  material,  as  are  also 

*Daw»on,  Gtmrge  M,i   Noli^e^  on  Ibc  Oology  of  Mlddlctoti   Isltf^nd,  Altuktt :  BtlU.  <JeoL 
Soe.  Am.,  roL  4.  1S^L^  pp.  4*27-431, 
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lu^  lower  *'oiirses  t>f  iiiust  other  slfeuiiis  which  eiita'  Controller  Biiy. 

riie,st*  tiiieonsoHdalett  deposits,  tiH  iiukaovvii  imioimt  of  which  are  *>f 
liiviiiUle  origin,  are  known  to  have  a  thicknes!^  of  over  580  feet  at  one 
pf>int  on  Bering  River,  and  of  over  280  feet  in  the  Katalhi  Valley- 

The  heaehes,  bai*s,  atid  islandw,  whieli  the  ocean  waves  are  biulding 
llong  these  shores,  are  composed  largely  of  reworked  fluviatile  and 
flai^ial  materia  1,  and  are  in  part  conteinporaneons  with  the  stream 
leposits*    Go<jd  examples  of  these  ai-e:    Okalee  8pit,  all  of  Kanak 

Blandf  the  beaeli  froni  Strawberry  Point  to  Katalla^  Hoftnk  Bar, 
and  the  lon^  line  of  islands  whieh  extend  in  line  w^ith  the  last  named 

P across  the  entire  front  of  tlie  Copper  Delta. 
I  Mot  only  are  these  de;posits  buikling  now  but  they  have  formed  in 
the  past,  and  some  of  the  older  ones  are  still  in  existence.  The  beaeli 
from  C*ave  Point  to  Katalla  i;?  a  brtiud,  gently  eurving  stretch  of  sand, 
concave  toward  the  ocean.  Its  dry  cras^t.  is  co veiled  with  a  narrow  but 
dense  growth  of  spruce!^.  Behind  it  is  Katalla  Slough,  a  muddy, 
winding  channel  whose  general  course  is  parallel  to  the  beach*  An- 
other  line  of  spruces,  parallel  to  the  outer  beach,  is  situated  behind 
le  slough.  These  spruces  gi*ovv  in  beach  sand,  and  behind  them  is 
Another  swamp  area  containing  a  winding  slough.  A  view  from 
one  of  the  neighboring  hills  reveals  the  fact  that  Katalla  Valley,  for 
a  distance  of  several  miles  inland,  is  made  np  of  alternating  sandy 
trips  and  muddy  areas;  eac4i  of  the  former  with  a  line  of  sprnces, 
ach  of  the  latter  with  a  winding  shnigh  tjr  a  line  of  snudl  pomls. 
The  sandy  strips  are  former  Ijeaches,  which  grew*  as  the  outer  beach 
ill  Katalla  has  grown,  across  the  valley  from  a  rocky  foreland.  The 
rees  are  older  as  one  goes  inland,  and  their  age  (if  the  oldest  of  each 
each  were  still  there)  would  tell  us  the  age  of  the  beaches*  The 
loughs  are  more  poi>rly  preserved  at  a  distance  fi*om  the  coast,  and 
le  distribution  of  trees  is  less  regular*  This  means  that  sediment 
rom  the  river  and  wash  from  the  smaller  streams  are  filling  the 
loughs  and  sprc.'iding  gravel  and  sand  on  the  mud  of  their  banks. 
The  original  trees  are  dead  and  their  descendants  have  spread  out  a 
bit  where  only  grass  gi"ew  at  first.  Farther  inland  the  sloughs  ai^e 
filled  and  the  stream  wash  has  buried  the  beaches*  Perhaps  even 
lere  a  line  at  tn*es  may  mark  one  of  these  old  skirmish  lines  which 
le  land  threw  out  in  its  fight  with  tlie  <*ceuiu 


DKHCEim  ION  OP  IjAND  FORMS, 

ADJACENT    HEGIONS. 

The  southern  coast  of  Alaska  from  the  shores  of  British  Columbia 
to  the  Alaska  Peninsula  lies  on  an  arc,  concave  toward  the  ocean,  hav- 
ing a  radius  of  about  500  miles  and  w^ith  its  center  at  approximately 
longitude  146^  W.,  latitude  53"*  N-  The  contour  of  the  ocean  bottonu 
he  laiger  aspect  of  the  trend  of  shor^a  Vine,  tX\e  t!»iaL*^\A!iX  \wi\i\\\.iaA\v^.^ 
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and  nuige  aft£*r  range  of  interior  mountains;  all  lie  approximately 
parallel  tu  this  arc. 

The  coastward  front  of  the  Pacific  Mountain  system  includes  the 
Kenai  Mountains  on  the  Kenai  Peninsula  and  the  west  shore  of 
Prince  William  8onncK  the  Chugach  Mountains  on  the  north  shore 
of  Prince  William  Sound  and  in  the  vicinity  of  Copper  River,  and 
the  Faii*weather  Mountains  from  near  Mount  St.  Elias  to  Cross 
Sound*  Thoiio  mountains  ritie,  for  the  most  part,  sharply  from  the 
sea.  They  are  not  cut  through  by  tidal  \vaterway?i  tetween  Cook 
Inlet  and  Cross  Sound,  though  deeply  embayed  at  Prince  William 
Sound  and  Yalcutat  Bay*  West  of  Copper  River  and  east  of  Icy 
Point  the  coast  is  fiorded,  but  this  condition  does  not  hold  between 
these  points  except  at  Yakutat  and  Lituya  bays*  The  coastal  nioim- 
tains  are  not  cut  through  by  river  cour-ses  between  the  Copper  and 
the  Alsek.  It  is  signihcant  that  east  and  west  of  these  tw^o  rivers 
the  mountains  approach  closely  to  the  sea  and  the  coast  is  iionled. 
Between  these  rivers  the  mountains  lie  farther  inland  and  the  fiords 
SLVe  absent  (except  at  Yakutat  Bay).  In  this  interval  the  region  be- 
tween the  mountains  and  the  sea  includes  mountains  of  lesb  relief 
tlian  the  main  range^  and  is  made  up  of  rocks  which  are  younger,  in 
^neral  less  closely  folded,  and  always  less  indurated  and  altered. 

The  high  luoimtains  from  Copper  River  to  Cross  Sound  are  the 
gathering  ground  for  the  greatest  system  of  low-all itude,  low-latitude 
glaciers  in  the  world.  These  glaciers  pour  out  toward  the  sea  from 
every  gap  and  pass  between  Copper  River  and  Cross  Sound.  They 
have  over  flooded  the  coastal  hills  and  lowlands  and  ]m\e  formed  a 
series  of  broad,  flat- topped,  stagnant,  piedmont  glaciers,  of  wdiich 
the  Mahispiua  huH  long  be^n  regarded  as  a  unicjue  type,  but  which 
has  eoiuinniions  rivaling  it  in  size  rn  trrand  Plateau  Glacier  to  the 
east  and  Bering  tilaeier  to  the  west. 

At  the  western  extremity  of  the  coastal  lowlands  described  alK)ve* 
and  just  east  of  Copper  River,  is  Kayak  Island.  West  of  Kayak 
Island  is  Winglnim  Island,  and  north  of  them  is  Controller  Bay, 

SHORE  LINE, 

Kayak  Island  almost  joins  the  mainland  at  its  north  end,  from 
which  it  extends  as  a  narrow  rocky  mass  for  20  miles  out  to  sea*  Cape 
Suckling  is  a  rocky  promontory  on  the  mainland  about  12  mile^  east 
of  the  northern  end  of  Kayak  Island.  West  of  it  the  shore  curvas 
slightly  northward  for  about  4  miles,  to  where  Okalee  Spit^  a  low 
strip  of  sand  alx)ut  9  miles  long  and  from  5(X>  to  J),000  feet  w^lde, 
reaches  westward,  dividing  the  waters  of  Controller  Bay  from  those 
of  the  cx'can.  The  spit  is  the  prmluct  of  the  waves  working  on  debris 
from  tl»e  seaward  face  of  Bering  Glacier,  and  its  direction  is  that  of 
the  prevdiling  winds. 
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Behind  Okalee  Spit  the  east  shore  of  Controller  Bay  extends  north- 
west to  the  mouth  of  Bering  River.  In  this  interval  it  is  broken  by 
the  mouths  of  many  rivers,  which  are  pouring  out  with  their  water 
vast  quantities  of  mud  and  sand.  This  sediment  is  derived  from  the 
southwest  side  of  Bering  Glacier,  and  is  fast  extending  the  low 
shores  between  which  it  flows  and  reducing  both  the  area  and  the 
depth  of  the  bay.  The  north  shore  of  Controller  Bay,  between  Ber- 
ing River  and  Pomt  Hey,  is  likewise  bordered  by  muddy  flats. 
Kanak  Island,  which  lies  across  the  west  side  of  the  bay,  opposite  the 
mouth  of  Bering  River,  is  composed  of  similar  material. 

Katalla  Bay,  between  Strawberry  Point  and  Whale  Island,  is 
bordered  by  'k  gently  curving  beach,  which  is  the  outermost  and  youn<^- 
est  of  a  series  of  beaches  (see  p.  53)  by  which  the  land  has  here 
advanced,  reclaiming  the  present  Katalla  Valley  from  the  sea. 

Softuk  Bar,  2  miles  northwest  of  Whale  Island,  is  a  long,  narrow 
spit  which  is  similar  to  Okalee  Spit  in  size,  shape,  position,  and  di- 
rection. It  is  situated  at  the  eastern  end  of  a  long  line  of  low,  sandy 
islands  which  extend  across  the  entire  front  of  the  Copper  Delta. 

DRAINAGE. 
RIVERS. 

The  streams  of  the  Controller  Bay  region  have  their  supply  in  part 
from  local  rainfall  and  in  part  from  the  glaciers  which  have  invaded 
the  region  and  which  melt  away  on  its  borders.  The  supply  from 
both  sources  is  large.  The  rainfall,  as  was  shown  above  (pp.  17-19), 
probably  exceeds  150  inches  a  year,  while  the  glaciers  contribute  the 
precipitation  of  many  hundred  square  miles.  The  streams  are  conse- 
quently large  in  proportion  to  their  length  and  drainage  area,  and 
are  all  subject  to  severe  floods. 

The  greater  part  of  the  region  lies  in  the  valley  of  Bering  River. 
This  stream  has  its  source  on  the  margin  of  Bering  Glacier  (PI.  VII, 
^)  in  the  northeast  part  of  the  area  covered  by  the  map.  It  flows 
southwest  for  about  12  miles  until  it  approaches  Bering  Lake,  where 
it  spreads  into  a  broad  delta.  Part  of  the  water  passes  directly 
through  the  southeast  corner  of  the  delta  without  entering  the  lake. 
The  other  part  enters  the  lake  through  many  channels  along  its 
eastern  margin,  then  turns  directly  back  along  the  south  shore  of 
the  lake  and  joins  the  streams  which  cut  past  the  lake  without  enter- 
ing it.  The  reunited  waters  then  flow  south  for  about  Smiles  and 
enter  the  northeast  corner  of  Controller  Bay.  The  lower  course  of 
Bering  River  is  tidal,  the  water  of  Bering  ILiake  rising  and  falling 
from  1  to  3  feet,  and  the  currents  running  in  and  out  at  from  3  to  5 
miles  per  hour.  Above  Bering  Lake  the  river  is  nontidal  and  has  a 
strong  current  of  from  3  miles  per  hour  in  the  vicinity  of  the  delta 
to  &  to  10  miles  per  hour  in  the  upper  part. 
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Tilt*  tril>iitaries  uf  Bt^riiijj:  River  above  the  lakf  iuclucle  CanvOTT 
Creek,  which  ha.s  its  twnrce  on  the  wouthern  luartpii  of  Marhii  Rivor 
Glacier;  Stillwater  Creek,  which  drains  Lake  Ktis^htaka  uinl  re- 
ceives 11  large  part  of  itt:;  stipply  from  the  Ku^htiika  Ghieier;  and 
Hheplienl  Creek,  whieh  drains  Lake  Charlotte  aud  H-^veral  other  siuall 
lakes  on  the  margin  of  the  Martin  River  Glacier*  The  chief  tribu- 
taries lielow  the  lake  are  Oandil  and  Xichawak^ rivers,  which  drain 
parts  of  tlie  margin  of  Bering  Glacier. 

The  other  streams  include  CatJipl>eH  and  Edwardes  rivers,  which 
ri.se  on  the  Htnilliwest  njur*^in  of  Bering  Glacier  and  enter  the  east 
Hhore  of  Controller  Bay;  Katalia  River  which  rises  in  the  hills  west 
of  Bering  I^ake  and  flows  into  Katalia  Bay*  and  several  of  the  head- 
water tril>ula^ie^^  of  Martin  River.  The  hitter  rises  on  the  western 
ntargin  t^f  ilarlin  River  Glacier  and  in  Toknn  Lake,  and  flows  west 
imtil  it  loaches  the  eastern  edge  of  the  Copper  Delta.  Tlie  waters 
divide  liere,  part  entering  Copper  River,  and  part  fl<jwing  along  the 
edge  of  the  ninnntains  close  to  the  delta  and  entering  the  tidal  shnigh?= 
liehind  Softnk  Ban 

LAKXrS. 

Bering  Lake  is  a  former  arm  of  Controller  Bay  which  has  been 
ctit  off  from  the  hay  by  the  growth  of  the  deltas  of  Bering  River 
and  its  low^er  tributaries, 

Charlotte  and  Knshtaka  hikes  have  dams,  composed  of  the  terminal 
moraine  of  a  former  glacial  expansion,  across  their  sontliern  ends. 
The  former  drains  out  through  a  lireach  in  the  dam,  the  latter  at  a 
point  near  the  other  end  of  the  lake,  either  over  a  sapped  col  or 
over  a  lateral  wall  of  moraine. 

Lake  Tokun  was  formed  as  a  marginal  lake  on  the  former  expan- 
sion  of  the  Martin  River  fiilacier.  The  lateral  moraine  dejiosited 
across  the  end  of  the  lake  during  this  expansion  still  holds  the 
waters  of  the  lake, 

A  series  of  lakes  along  the  southern  side  of  Martin  River  ai^  of 
considerable  interes*,  because  they  rtre  still  in  process  of  formation. 
Martin  River  i^  a  heavily  loaded  stream  and  is  building  flood  plains 
along  its  course.  It  is  carrying  and  depositing  more  sediment  than 
its  nonghicial  tributaries  and  is  building  up  its  floo^l  plain  acros.- 
the  montlis  i^f  t!>ese  tributaries.  The  result  is  to  poml  eacli  clear- 
water  tributary  and  to  form  a  lake  in  the  lower  part  of  its  valley. 
The  present  growth  of  tliese  lakes  is  shown  both  by  the  continuation 
of  tlie  process<*s  which  cunsed  them  and  Ijy  tlie  fact  that  they  have 
no  beaches  and  that  the  forests  on  their  margins  are  l)eing  submerged 
and  killed  by  ihe  rising  waters,  A  similar  lake  is  now^  in  the  initial 
stage  of  formation  at  the  month  of  Shepherd  Creek.  Other  lakes 
intimately  associated  with  the  glaciers  ai'e  discussed  (m  pages  47^  4W 
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RELIEF. 
DISTRIBUTION  OF  THE  HILLS. 

The  shores  of  Controller  Bay  include  broad  areas  of  marshes  in 
which  are  island-like  masses  of  hills,  many  of  which  have  a  northeast- 
southwest  trend  like  Kayak  Island.  Together  they  constitute  a  grv^ip 
with  the  same  general  trend,  which  rises  gradually  toward  the  nortl)- 
east  until  it  merges  with  the  higher  mountains  farther  inland.  These 
hills  thus  constitute  a  spur  which,  extending  southwest  from  the  liigh 
mountains  far  toward  the  continental  shelf,  has  turned  aside  the 
glaciers  coming  from  the  mountains,  so  that  its  landward  parts,  witli 
the  recesses  between  its  members,  are  bare  of  ice,  though  on  the  very 
edge  of  the  Bering  Glacier.  Its  seaward  parts  give  some  protection 
from  the  ocean  and  make  a  slight  break  in  the  strip  of  unprotected 
coast  which  in  general  marks  the  glacier-covered  lands  east  of  it. 

The  Chugach  Mountains,  although  they  have  the  appearance  of 
a  range  with  an  east  and  west  axis  and  are  bordered  both  on  the 
north  and  south  by  straight  east  and  west  lines,  and  composed,  locally 
at  least,  of  minor  ranges  which  extend  in  a  northeast-southwest  direc- 
tion. This  feature  is  well  shown  on  the  reconnaissance  map  (PI.  I) 
and  in  PI.  IV,  A  (p.  16).  "Some  of  the  smaller  ranges  in  the  vicinity 
of  Mount  St.  Elias  (see  PI.  I)  have  a  similar  trend. 

The  region  is  about  half  hilly  and  half  lowland.  The  lowlands  are 
flat  and  swampy  and  rise  but  a  few  feet  above  tide.  The  hills  are  in 
general  less  than  2,000  feet  high,  but  reach  a  maximum  of  about  4,000 
feet  in  the  northeast  corner  of  the  region.  They  include  a  ran<j:e 
extending  throughout  the  region  from  northeast  to  southwest  and 
several  detached  areas;  two  of  the  latter  are  in  the  ocean  and  form 
Kayak  and  Wingham  islands.  The  others,  including  the  Sucklin<r 
Hills,  the  four  detached  masses  of  hills  in  the  Nichawak  region,  and 
the  peninsula  south  of  Bering  Lake,  rise  like  islands  out  of  the 
swampy  flats. 

ACCORDANCE  OF  ELEVATIONS. 
CREST  LINES. 

The  crests  and  summits  of  the  ridges  in  various  parts  of  this  region 
possess  much  diversity  in  altitude,  yet  close  observation  shows  that 
the  elevations  are  grouped  within  certain  bounds,  that  there  are  nioie 
or  less  definite  heights  to  which  certain  groups  of  hills  rise,  and  that 
between  these  elevations  steep  slopes  are  found,  but  seldom  hillto])s 
and  almost  never  groups  of  hilltops  or  ridges  with  anything  like 
uniform  altitudes. 
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The  g*?neral  or  avenige  elevatioiiiii  of  tlu*  ridges  or  groups  of  hills 
which  pussesti  Hucli  uniformity  are  nhown  in  i\w  following  Uble: 
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The  highest  summits  in  this  region  are  on  the  northern  end  of 

Carbon  Mnnntnin,  in  the  extreme  northeast  end  of  the  ai"ea  rovere<3  by 
the  mnp,  where  i\  small  group  of  penks  attains  iiltitndes  of  from 
3,800  to  4,1  i>0  feet,  and  large  adjnrent  areas  (not  sliown  on  the  miip) 

are  even  higher.  The  crest  of  Carl>on  ^rountfiin  from  this  group  of 
peaks  wastwartl  along  the  southern  margin  of  Slope  Glacier  holds  a 
general  uniform  altitude  with  the  summits  ranging  from  Z4-i0  feet 
to  :^,fiO0  feet,  averaiiing  3,5,^0  feet:  the  t*(ds  from  ZMO  feet  to  3.500 
feet,  averaging  »^,450  feet ;  and  the  general  crest  line  averaging  3,500 
feet.  The  ridge  then  drops  sharply  to  a  lower  level  almost  2,000 
feet  l)elow. 

Xothing  like  this  higher  level  is  attained  elsewhere  in  the  region, 
although  a  few  peaks  on  Eagged  Mountain  have  elevations  of  about 
0,300  feet,  and  similar  elevations  may  be  found  in  some  of  the  peaks 
nlong  the  southern  flank  of  the  Chugach  Mountains. 

The  next  lower  general  level  is  slightly  above  3,000  feet  and  is  seen 
in  the  serrated  top  of  Ragged  Mountain,  which  holds  this  general 
elevation  for  about  (>  miles  of  linear  crest  until  it  approaches,  at  the 
south  end,  within  3  miles  of  the  sea.  It  then  drops  sharply  in  three 
steps  to  general  elevations  of  ai)out  2,450  feet,  2,100  feet,  and  1,200 
feet. 

The  2,40()-f()ot  level  may  be  seen  in  the  central  part  of  the  ridge 
west  of  Shej)hei'd  Creek,  in  the  higher  crests  and  summits  of  Char- 
lotte and  Carbon  I'idges,  and  j)()ssil)ly  in  Cunningham  Ridge  (al- 
though in  the  latter  case  two  peaks.  Monument  Mountain  and  Monnt 
Chczum,  reach  elevations  of  2,(>r)0  and  2,850  feet,  respectively),  and  in 
some  of  the  lower  spurs  of  Carbon  Mountain. 

A    very   distinct   level   at   about   2,100   feet    is   represented   in   the 

northern  end  of  tlu*  i*idge  between  Clear  and  Canyon  creeks,  in  the 

j'idge  west  of  Shephei'd  Creek  (except  north  of  the  Tokun-Charlotte 

j)uss  mid  in  tlie  central  group  of  high  peaks  discussed  above),  in  the 
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high  ridge  west  of  Bering  Lake,  on  the  higher  ridges  south  of  Bering 
I^ake,  on  parts  of  Ragged  Mountains,  and  in  many  of  the  lower  spurs 
and  ridges  along  the  southern  front  of  the  Chugach  Mountains  (see 
PL  IV,  J.,  p.  16).  This  is,  in  its  wide  distribution  and  in  the  usual 
perfection  of  its  development,  perhaps  the  most  striking  level  of 
accordant  summits  in  the  entire  region. 

A  1,700  to  1,800-foot  level  is  reached  by  many  of  the  peaks  on  tlie 
southern  end  of  Carbon  Mountain,  by  the  southern  end  of  the  ridge 
west  of  Canyon  Creek,  by  the  ridges  between  lakes  Charlotte  and 
Tokun,  and  by  the  ridge  east  of  Katalla  River. 

Lower  levels  at  1,200  feet,  at  800  feet,  and  at  500  feet  are  held  l)y 
many  of  the  lower  ridges,  especially  those  near  the  coast. 

TERRACES  AND  BEKOHES. 

The  hillsides  in  all  parts  of  the  region  have  been  cut  into  benclies 
and  terraces,  some  being  broad  and  flat,  and  others  being  narrow 
shelves,  small  flat  areas  on  the  spurs  of  the  hills,  or  locally  widened  or 
gently  graded  places  along  the  streams.  The  better  developed  of 
these  features  can  be  followed  at  a  constant  level  for  considerable 
distances  along  the  hillsides,  but  some  are  of  local  extent  and  perhaps 
give  way  to  others  at  somewhat  greater  or  less  elevation.  The  alti- 
tudes of  the  benches  in  the  several  valleys  are  shown  in  the  follow iuir 

table : 

Elevations  of  tcn^accs  and  bench ra. 


Position. 


BerK  Lakes 

Canyon  Creek 

Clear  Creek 

Trout  Creek 

Shockom  Mountains 

East  side  of  Kushtaka  Ridge . 

Shepherd  Creek,  east  sfde 

Shepherd  Creek^  west  side  . . . 

Lake  Tokun ^ 

Dick  Creek J 

Bering  Lake,  south  shore 

Bering  River,  below  lake 

Chilkat  Creek 

Burls  Creek 

Puffy  Creek 

Redwood  Creek 

Katalla  Valley,  east  side 

Katalla  Valley,  west  side 

West  of  Ragged  Mountain 


Elevations  i!i  feet. 


1,750 
1,700 
1,700 


1,4/iO 
1,450 
1,450 


1,600 


1,450 


1.250 
1,250 


1,200  1 
1,200 


1,000 
1,U00 
1,000 


1,250 


1,200 
1,250 
1,260 
1,250 


1,000 
1,060 
1,000 
950 
960 
1,000 


1,250 


1,000 
1.000 
1,000 
1,000 
1.000 


I 


800 
750 


750 
750 


750 
750 

750  I 


rioo 

500 


■^)0 
tXX) 


Many  of  the  divides  are  broad  and  flat  and  have  lakas  and  meander- 
ing drainage  upon  them,  this  condition  being  well  illustrated  between 
Dick  Creek  and  Lake  Tokun  and  between  Lake  Tokun  and  Lake 
Charlotte.  The  divides  there  stand  at  very  distinct  terrace  levels. 
Besides  existing  lakes,  the  Dick  Creek-Tokun  Lake  divide  possesses 
the  further  interesting  feature  of  a  drained  lake  bed  with  the  beaches 
and  lacustrine  silts  which  were  formed  while  the  lake  was  there.  The 
drainage  of  the  lake  was  probably  caused  by  piracy  of  the  creeks 
tributary  to  Tokun  Lake. 
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SlfliriFIGAirOi:  0?  CREBT  AKI»  BEKCH  LEVELS. 

It  may  be^  st»eii  thsit  ihom  elevations  atTonl  ripproximatoly  with 
those  of  sonie  of  tht^  ridgeti.  The  levek  of  the  benches,  like  lho.se  of 
the  ritigcf^,  are  in  part  iiKJepeiideiit  of  the  character  aiKl  attitmh-  of 
the  rock.  They  ft  re,  con  frequently-  to  In*  interpreted  as  dtie  to  pit^t 
erosional  eonditioiis,  which  wcn^  determined  by  different  posUious^  of 
base-Iev^el  from  thoiiie  exintiiig  now.  They  i^hmv  that,  snb>iieqiient  to 
the  indurating  and  folding  of  the  roi^ks,  erosion  progressed  so  far 
tluit  topographic  conditions  approached  or  attainted  those  t»f  a  pene- 
plain. It  can  not  be  assumed,  however,  that  each  of  the.se  levels  rep* 
resents  a  peneplain,  nor  can  it  Ih)  assnmeil  that  any  definite  lev<*t 
repi*t*sentH  one.  The  number  of  tlie  approxLmate  levels  shown  that 
till*  hiMtory  of  denudation  Ivah  been  complex,  but  the  age  of  the  nx'ks 
sliows  tJiat  the  length  of  time  in  which  it  was  accomplished  was  very 
short,  ami  it  may  well  be  that  at  no  time  has  the  topographic  relief 
approached  closely  to  maturity.  IieiH>ated  cuttings  of  straths  aiul 
coantal  benches,  after  eacii  of  which  the  land  rose  a  little,  might  easily 
produce  such  features  as  now  exist.  On  the  other  hand,  it  may  Im* 
that  the  higher  leveb  were  produced  by  complete  peneplanation, 
while  the  lower  ones  each  represent  a  less  complete  reduction  aftrr 
a  renewal  of  uplift;  or  that  one  of  the  intermediate  levels  reprfr* 
stmts  a  dissected  peneplain,  with  the  higher  elevations  as  unreduced 
residuals.  Jlowever  this  may  be,  it  is  certain  that  the  region  has  been 
nearer  to  a  condition  of  topographic  maturity  in  the  past  than  it  is 
now. 

The  present  land  forms  were  produced  by  the  uplift  and  erosion 
of  those  older  surfaces  without  known  warping.  The  older  surfaces 
extend  over  and  through  this  region  in  levels  or  in  steps,  and  not  in 
curves.  The  surfaces  extend  northward  until  they  run  into  the  south- 
ern front  of  the  Chugach  Mountains.  This  shows  that  they  are 
younger  than  the  high  mountains,  unless  a  recent  fault  or  very  abrupt 
Hexuiv  marks  the  very  edge  of  the  range.  The  latter  possibility  is 
contradicted  l)y  the  fact  that  there  is  little  accordance  of  summits 
and  that  no  Hat  areas  appear  on  the  crest  of  this  part  of  the  Chugach 
Mountains.  The  footliills  have,  conse(|uently,  a  history  somewhat 
(lillVrent  from  the  high  range,  and  have  been  re(biced  to  levels  which 
(lid  not  cut  far  back  from  shore. 

\  ALLKVS. 

The  ])resen(*e  of  the  broad  aUuvium-filled  valleys  which  extend 
th.onghont  most  of  the  region  is  one  of  its  most  striking  ])hysio- 
gnij)]ii('  f(nitui'es.  These  valleys  are  very  l)r()ad  in  i)r()portion  to  the 
si/e  of  th(^  streams  occupying  thiMu.  and  suggest  at  once  that  they  are 
dee})ly  filled  and  w(M-e  produced  when  the  land  stood  nuudi  higher 
ilntii   /iou.     This  is  couUvuuhI  \>\   ilw   fact   that  a  drill  hole  on  the 
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east  shore  of  Bering  River  opposite  the  lower  island  and  another  on 
Katalla  River  went  to  depths  of  580  feet  and  280  feet,  respectively, 
without  reaching  bed  rock.  Further  evidence  concerning  the  former 
position  of  the  snow  line  (p.  50)  suggests  that  the  valleys  were  cut 
when  the  land  stood  about  1,000  feet  higher  than  at  present.  In  this 
case  the  rock  floor  in  the  centers  of  the  valleys  and  at  their  lower  ends 
should  be  almost  1,000  feet  below  sea  level. 

Many  of  the  smaller  streams  have  their  headwater  courses  down 
to  about  1,000  feet  above  sea  level  in  glacial  cirques.  The  problem 
which  these  present  will  be  discussed  later.  The  lower  courses  of 
these  streams  from  an  elevation  of  about  1,000  feet  down  to  the  edge 
of  the  alluvial  flats  are  usually  in  box  canyons.  The  descent  from 
the  cirques  or  terraces  into  the  lower  canyons  is  usually  in  one  or 
more  waterfalls. 

HISTORICAIi  GBOIiOGY. 

The  earliest  geological  event  of  which  there  is  a  definite  record  in 
this  region  was  the  deposition  of  the  material  which  now  constitutes 
the  slate,  graywacke,  and  associated  rocks  on  Wingham  Island  and 
Ragged  Mountain.  This  material  was  derived  from  the  destruction 
of  other  rocks  of  unknown  character.  The  date  of  deposition  is  also 
somewhat  uncertain,  but  the  weight  of  evidence  indicates  (see  p.  27) 
that  it  was  toward  the  end  of  the  Paleozoic  era.  These  rocks  were 
deposited  in  the  sea,  for  they  contain  marine  fossils.  The  fineness 
of  much  of  the  material  shows  that  the  shore  was  at  times  distant. 
The  presence  of  volcanic  material,  some  of  which  is  probably  inter- 
bedded  with  the  other  rocks,  indtcates  that  land  may  have  been  near 
at  other  times,  and  that  there  were  volcanic  vents,  either  continental, 
insular,  or  submarine,  which  probably  were  not  far  away. 

These  deposits  were  elevated,  consolidated,  folded,  and  metamor- 
phosed at  a  date  or  dates  concerning  which  there  is  little  evidence. 
Similar  and  probably  contemporaneous  rocks  in  other  regions  in  this 
part  of  Alaska  are  known  to  have  been  folded  and  metamorphosed 
prior  to  Upper  Triassic  time.  Igneous  material  has  been  introduced 
into  these  rocks,  but  there  is  no  evidence  as  to  the  date  of  the  intru- 
sion. It  may  have  been  soon  after  the  deposition  or  not  until  long 
after  the  main  folding. 

No  record  of  the  Mesozoic,  unless  it  be  in  the  slaty  rocks  referred 
to  above,  has  been  preserved  in  this  region.  The  evidence  from  other 
provinces,  barring  the  possibility  «  of  the  slaty  rocks  on  the  coast  from 
Yakutat  to  Kodiak  being  Mesozoic,  indicates  that  much  of  the  area  of 
the  Chugach  Mountains  and  probably  of  their  extension  through  the 
southern  part  of  Kenai  Peninsula  and  through  Afognak  and  Kodiak 
Islands  may  have  been  land  during  Mesozoic  time.    Triassic  seas 

•See  discussion  of  the  age  of  these  rocks  on  p.  2T. 
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extended  throiigti  part  of  the  region  north  of  Chitinu  Kiver  and  in  the 
Cook  Inlet  and  Alaska  Peninsula  region.  A  periotl  of  folding  and 
probably  of  nxonntain  building  came  at  or  somewhat  after  the  close 
of  Tnassfiic  time.  Deposition  was  apparently  somewhat  restricted 
during  the  Lower  Jurassic,  for  sedirnents  of  that  age  are  known  only 
from  Cook  Inlet  and  the  Alaska  Peninsula,  The  sea  probably  covered 
larger  areas  in  the  Middle  Jurassic,  when  deposits  were  laid  down  in 
the  pi*eaent  position  of  the  Alaska  Range,  the  Matanuska  Valley, 
Cook  Inlet,  and  the  Alaska  Peninsula*  Upper  Jurassic  aeas  widened 
still  more,  for  de|>osits  cjf  that  ago  are  known  throughout  much 
of  southeastern  Ala,ska,  the  valleys  of  Copper  and  Matanuska 
rivers,  Cook  Inlet,  the  Alaska  Peninsula,  and  the  Yukon  Valley.* 
The  post-Triassic  unconforniity  and  period  of  folding  may  have 
lasted  until  tlie  beginning  of  Up|K*r  Jurassic  time,  for  the  evidence  of 
the  unconformity  is  seen  in  th«  relation  of  Upper  Jurassic  to  Upper 
Triassic  rocks. 

The  great  Mesozoic  granitic  intrusions,  which  began  after  the  close 
of  the  Triassic,  were  probably  over  in  at  least  part  of  Alaska  before 
the  beginning  of  the  Upper  Jurassic,  though  they  extend  in  other  dis- 
tricts into  the  Cretaceous*  In  the  Cook  Inlet  region  the  granitic  in- 
trusions do  not  cut  rocks  younger  than  the  Triassic,  the  Jurassic  in- 
trusions and  flows  being  of  andesite,  and  the  Tertiaiy  and  post- 
Tertiary  intrusion  of  andesite  and  basalt,  Ijower  Cretaceous  sedi- 
mentation took  place  in  widely  scattered  provinces  and  apparently 
over  broader  ar-eas,  especially  in  the  northern  pait  of  Alaska,  than 
were  covered  by  the  Middle  and  Up{wr  Jurassic  seas.  The  Upper 
Cretaceous  beds  of  Alaska  are  i^strlctefl,  so  far  as  we  now  know,  tt) 
points  on  the  Alaska  Peninsula,  on  the  Yukon,  and  passibly  on  the 
Anaktuvuk  in  northern  Alaska.  The  lands  were  apparently  grow- 
ing and  the  seas  narrowing  after  the  close  of  Lpwer  Ci'etaceous  time. 

None  of  the  deposits  of  ttiese  Mesozoic  epot^hs  have  l)een  recognisjed 
ill  the  Controller  Bay  region,  or  elsewhere  on  the  Pacific  coast  Ije- 
tween  Cook  Inlet  and  the  Alexander  Archipelago.  This  entire 
region  may  have  been  land  during  all  of  Mesozoic  time,  or  it  may  be. 
tluit  erosion  has  removed  the  deposits.  The  possibility  of  Jurassic 
and  other  Mesozoic  rocks  underlying  the  Tertiary  rocks  of  this  region 
is  discussed  elsewhere.     (Bee  pp,  1 15-1 1*1 ) 

Areas  of  Tertiaiy  roi4vs  are  widely  scattered  throughout  all  parts 
of  Alaska,  but  the  character  of  the  deposits  and  other  evidence,  both 
physiographic  and  j)aleontologic^  shows  that  these  beds  were  laid 
down  for  the  most  part  in  or  near  estuaries  and  to  some  extent  along 
rivers.  The  ocean  extended  over  very  little  of  what  is  now  Alaska 
during  Tertiary  time.    Large  areas  in  many  parts  of  Ala^a  were 

*  JuraBftlc  rocks  are  knowa  also  at  Cape  LlsbdrDer  but  their  exat^t  Htratls^apblC  position 
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exposed  to  long-continued  erosion  and  were  reduced  at  least  to  a 
non-mountainous  condition  before  the  middle  of  the  Tertiary.  Pene- 
plains or  at  least  broad  areas  of  fairly  low  relief  were  developed. 

The  Tertiary  deposits  of  Alaska  are  of  four  types:  The  marine 
Eocene,  the  Tertiary  coal-bearing  rocks,**  the  marine  Miocene,  and 
the  marine  Pliocene. 

Marine  Eocene  deposits  are  known  only  at  Stepovak  Bay,^  on  tlie 
Alaska  Peninsula,  where  they  consist  of  terrestrial  and  volcanic  detri- 
tus deposited  in  the  sea  and  carrying  marine  fossils.  They  show  that 
the  ocean  covered  part  of  the  Alaska  Peninsula  in  Middle  Eocene 
time  and  that  volcanic  agencies  were  active.  Most  of  Alaska  was 
doubtless  land. 

The  Tertiary  coal-bearing  rocks  cover  large  areas  in  many  parts  ^ 
of  Alaska.  They  are  known  in  southeastern  Alaska,  in  the  vicinity 
of  Mount  St.  Elias,  on  Bering  River,  in  the  valley  of  Copper  River, 
on  Cook  Inlet,  in  the  Matanuska  and  Susitna  valleys,  on  Kodiak 
Island,  on  Alaska  Peninsula  and  the  neighboring  islands,  throughout 
the  valley  of  the  Yukon  and  its  tributaries,  on  the  coasts  of  Bering 
Sea,  and  on  the  rivers  of  the  Arctic  slope.  Not  all  the  Tertiary  coal- 
bearing  rocks  are  of  the  same  age,  and  the  exact  position  of  most  of 
them  is  not  very  well  known.  It  ia  probable  that  conditions  favorable 
for  the  formation  of  coal  existed  in  one  part  of  Alaska  or  another 
during  the  greater  part  of  Tertiary  time. 

Marine  Miocene  rocks  occur  at  Cape  Yaktag,  Controller  Bay,  the 
Shumagin  Islands,  and  other  scattered  places.  They  indicate  that 
Miocene  waters  did  not  cover  broad  areas  in  Alaska,  but  were 
restricted  to  narrow  arms  of  the  sea. 

Marine  Pliocene  rocks  are  apparently  of  very  limited  extent,  tlie 
most  important  areas  being  at  Lituya  Bay  and  on  the  Arctic  slope. 

Returning  to  the  interpretation  of  the  local  section,  we  find  tliat 
marine  conditions  existed  during  much  of  the  deposition  of  the 
Katalla  formation.  The  Stillwater  formation  was  laid  down  partly 
in  the  sea  and  probably  in  part  in  brackish  or  fresh  water.  The 
Kushtaka  formation  represents  fresh-water  conditions,  probably  in  a 
shallow  estuary  or  on  a  river.  The  transition  from  the  Kushtaka  to 
the  Tokun  formation  represents  the  return  of  marine  conditions, 
probably  without  unconformity.  There  is  no  evidence  as  to  whether 
the  upper  part  of  the  Tokun  formation  represents  marine  or  fresh- 
water conditions.    These  four  formations  represent  the  local  Tertiary 

•  This  term  includes  rocks  of  considerable  diversity  of  age,  the  exact  position  of  somo 
of  which  has  not  been  determined. 

•  Palache,  Charles,  Geology  about  Chichagof  Cove,  Stepovak  Bay  :  Harriman  Alaska  Ex- 
pedition, vol.  4,  1902,  pp.  69-88. 

« Martin,  A.  C,  The  Alaska  coal  fields:  Bull.  U.  S.  Geol.  Survey  No.  314,  1907,  pp. 
41-44.  Brooks,  Alfred  H.,  Geography  and  geology  of  Alaska,  Prof.  Paper  U.  S.  Geol. 
Suryey  No.  45,  1006,  pp.  237-244. 
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betlinitnitation,  ami  wero  prohiibly  nil   !«ifl  down  during  OHgorefifr 
and  Miocene  time,     (See  pp,  37^1.) 

The  folding  of  all  these  rocks  took  plaee  in  very  late  Tertiary  time 
or  in  post-TertiaiT  time,  and  was  probably  acrompanied  by  the  intru- 
sion of  small  dikes  and  sills  of  diabase  and  basalt.  It  has  been  sug- 
gested alwve  (see  p.  45)  that  this  folding  may  have  taken  place  in  or 
on  the  bordi^r  of  the  Chugaeh  Mountains  and  was  followed  by  the 
southward  overthrusting  of  the  vast  mass  of  rocks  to  their  present 
position  on  the  ocean  shore.  The  folding  was  accompanied  or  closely 
followed  by  uplift,  which  has  probably  continued  intermittently  until 
recent  time.  Otogenic  movements^  are  known  to  l)e  still  in  progi*ess 
along  the  western  base  of  the  Chugach  Mountains  on  Yakut  at  Bay,* 
although  none  so  recent  have  been  detected  at  Controller  Bay, 

The  uplift  of  tiie  region  has  been  accompanied  by  vigorous  erosion. 
Several  halts  in  tlie  downcntting  are  recorded  in  the  existing  topo- 
graphic forms*  Each  of  the  levels  of  accordant  sunmiits  and  hillside 
benches  represents  a  time  when  the  uplifting  ceased  and  erosion  re- 
duced considerable  areas  to  near  base-level,  Biieh  periods  existed 
when  the  land  stood  alxmt  3,500,  3,000,  2,450,  2,000  to  2,100,  1,750  to 
1,850,  1,450  to  1,500,  1,200  to  1,250, 1)50  to  1,050,  750  to  SOO,  and  500  to 
HOC  feet  lower  than  at  present.  At  some  of  these  times  the  halt  was 
of  short  duration  and  thi^  streams  merely  widened  tlieir  valleys  a  bit- 
At  other  limes,  as  wdien  the  hind  stood  2,000  or  2,100  feet  lower  than 
now,  the  halt  was  long,  ami  the  greater  part  of  the  area  of  soft  rocks 
was  reduced  to  an  even  plain;  The  uplifting  was  then  resumed  and 
the  rivei>)  trenched  the  plain,  destroying  much  of  it,  and  sinking  their 
channels  deeper  until  the  next  halt  in  the  uplift,  enabled  them  to 
widen  their  valleys  again  and  prt^duce  new  plains  and  terraces. 

The  upward  movement  thus  continued  intermittently  initil  the  land 
stood  at  least  GOO  feet  and  probably  at  leawt  1,000  feet  higher  than  at 
present,  when  the  now  submerged  and  alluvium-filled  valleys  were 
cut.  The  succeeding  movement  was  a  depression  of  the  land  to  near 
its  present  leveL 

At  an  imknown  time  during  the  Quaternary  a  movement  along  h 
fault  on  Wingham  Island  resulted  in  the  elevation  of  a  small  body 
of  unconsolidated  marine  sediments  to  a  maximum  heighl  of  about 
100  feet  above  sea  level.  There  was  no  general  uplift  at  this  time,  and 
similar  local  movements  are  not  known  to  have  taken  place  in  other 
parts  of  the  Controller  Bay  region. 

Glaciers  invaded  the  region  at  an  nndet^rmined  time  and  probably 
attained  their  maximum  extent  when  the  land  stood  about  1,000  feet 
liigher  than  at  present.  This  maximum  extension  represents  a  surpris- 
ingly small  increase  over  the  present  development  of  the  glaciers. 

■  Tift,  R*  H.,  na4  HArtln,  Lawr«Qcvi  BnlL  CtMyl.  Soc.  America,  tqL  IT.  1004,  pp,  29-^04. 
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The  retreat  of  the  glaciers  to  their  present  limits  was  probably  brought 
about  by  the  depression  of  the  land  to  its  present  position.  The  gla- 
ciers are  now  probably  melting  slowly  back,  but  their  recession  has 
probably  not  been  rapid  for  a  considerable  time,  and  readvances,  sucli 
as  that  which  is  now  taking  place  in  the  Malaspina  «  and  other  glaciers 
in  the  vicinity  of  Yakutat  Bay,  are  possible  at  any  time. 

The  waters  of  Controller  Bay  extended  oyer  a  large  part  of  the  pres- 
ent lowland  area  in  very  recent  geologic  time,  and  one  of  the  latest 
episodes  in  the  history  of  the  region  has  been  the  filling  of  this  greater 
Controller  Bay  by  deposits  from  the  heavily  loaded  glacial  streams. 
It  was  this  process  which  transformed  Bering  Lake  from  a  salt-water 
bay  into  a  fresh-water  but  tidal  lake.  This  process  is  still  going  on 
with  probably  undiminished  activity,  and  is  now  restricting  Bering 
Lake  and  Controller  Bay  to  shallower  depths  and  narrower  areas. 

MINERAIi  UKSDURCES. 

COAL. 

AREAL  EXTENT. 

The  surface  extent  of  the  Bering  River  coal,  as  known  at  present,  is 
restricted  to  the  area  of  outcrop  of  the  Kushtaka  formation,  as  rep- 
resented on  the  maps  (Pis.  V  and  VIII,  pocket).  The  area  of  such 
territory  which  is  believed  to  be  underlain  by  workable  coal  is  given 
below: 

Areas  underlain  by  eoal. 

Anthracite  and  semianthracite :  Square  miles. 

Carbon  Mountain,  north  end 25.  (> 

Carbon  Mountain,  south  end 1.0 

20.  (> 
Semibituminous  (with  some  semianthracite)  : 

Between  Canyon  Creeli  and  Kushtalva  Glacier 8.  7 

Kushtaka  Kidge  and  valley  of  Carbon  Creek 3.  (> 

Southeast  of  Lake  Charlotte .  (5 

Southeast  of  Tokun  Lake 2.6 

North  shore  of  Bering  Lake 4.7 

20.2 

In  addition  to  this,  21.6  square  miles,  divided  as  in  the  following 
table,  is  covered  at  the  surface  by  the  rocks  of  the  Tokun  formation, 
which  overlie  the  coal-bearing  rocks  and  which  are  underlain  by 
coal  at  a  greater  or  less  depth. 

•Tarr,  Ralph  S.,  Second  expedition  to  Yakutat  Bay,  Alaska:  Bull.  Geog.  Soc.  Phila- 
delphia, January,  1907,  pp.  1-14. 

2180a— Bull.  335—08 5 
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AfTdii  f^tivvrt'd  »f  fhv  ftttrfnvr  hy  Ihv  Tukiin  ftintinhtm,  imriH  uf  tvhtvh   mn}f  Ih' 
itHili'Hittn  hif  warknhh'  t'ouL 

XortU  of  CiianhigUnni  Ritlge.^^^^^-^^^- ^-_^^^^^^^,^„ . ^ 4*:! 

nptwt»en  TiRko  C'ljnrlotte  inul  Kuf^tttiika  (jtaeier ^*^^_,_^^__,_^_^ 5,  ft 

Kurfhtiika  IUll^'£^  north  eutl_-_ ^ ^^ __,,..,^, ^ -.  A 

KtiKhtakji  ItUl^'e,  i^yuth  <>inl___*_-^^^_^^,^^^^-. ^,__^_^_^-^,,„ ...  1.B 

XoHhejji*t  of  Tokna  Lrtker... ^^__^*,._ ^ . .^.^  2.H 

Soiitb  of  Tokim   Tj3ikt*__.    ^^- ^^ 2.7 

Betwet^ii  JSfaepfaeril  and  Dick  crcteks ^ _  4.0 


21.6 

Part  of  the  area  of  this  formation  may  cx)ntain  workable  coal,  but 
the  depth  at  which  such  coal  will  \je  found  is  in  most  places  uncer- 
tain, and  in  much  of  the  area  it  is  known  to  l>e  so  deep  that  the  cosil 
can  never  bo  mined.  The  s^outhern  end  of  Carbon  Mountain,  colored 
on  the  map  rb  "undifferentiated,"  m  reported  to  contain  some  coal, 
bii(  the  area  in  this  region  is  not  known. 

llie  coal  is  known  to  extend  eastward  beyond  the  area  shown  on 
the  map  into  the  high,  glacier-covered  mountains,  but  the  boundaries 
of  this  extension  are  uncertain.  The  value  of  such  coal  is  also  doubt- 
ful l)ecause  of  the  complexity  of  the  structure  and  the  difficulties 
of  transportation,  C>»al  has  lx>en  i-eported  as  far  as  the  vicinity  of 
the  on  stern  end  of  Rerini^  (ihnner,  but  the  discovery  has  not  been 
coiifirnuMl,  nor  the  amount  and  character  of  the  coal  reported.  No 
coal  has  been  found  west  of  the  area  represented  as  Kushtaka  for- 
mation on  the  nuip.  There  is,  however,  a  good  possibility  that  areas 
of  coal  exist  in  the  hills  tetween  Dick  Creek  and  the  north  end  of 
Ivagged  Moinitain,  and  this  region  oiight«to  be  more  carefully  pros- 
pected. 

STRATI  ( ;RAPn  I(  •    P<  )S1  TI(  )N . 

The  coal  beds  are  distributed  throughout  the  entire  thickness  of 
the  Kushtaka  formation.  They  are  also  restricted  to  it.  for  both  the 
overlying  Tokun  and  the  underlying  Stillw:.ter  formation  are 
entirely  l)arreii.  The  position  of  many  of  the  beds  is  indicated  in  the 
stratigrapiiic  sections  on  pages  32-34. 

I)KS(  HICriON   OF    rilK  (OAL  HKDS. 

The  following  pages  contain  measured  sections  of  all  the  coal  beds 
wliicli  were  accessible  either  in  natural  exj)()sures  or  in  [)rospect 
ojxMiings  or  (unn(»ls.  The  location  of  (he  sections  is  shown  by  the 
nunilxTs.  which  correspond  to  those  on  the  map  (PI.  VIII,  pocket). 
No  atteni])l  has  l)een  made  to  correlate  the  beds,  as  the  com[)lex 
structure,  the  al)rnpt  chan<res  in  thickness,  and  the  fact  that  most  of 
the  l)eds  have  not  been  actually  ti'aced  from  })oint  to  point,  usually 
makes  (his  inij)ossible.  The  sections  are  arranged  in  order  from 
nortlicnsi   io  southwest. 
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The  exposures  of  anthracite  at  the  extreme  eastern  end  of  the 
area  mapped  are  for  the  most  part  well  up  the  mountain  sides  and 
inaccessible.  The  following  seams  were  measured  and  were  also 
sampled  when  thus  indicated: 

Section   on  crest   of   Carbon   Mountain   2^    miles   north-northwest   of   Fourth 

Berg  Lake  (/). 

Feet. 
Coal  (hard  and  clean) 3 

Section  II  miles  up  creek  from  Fourth  Berg  Lake;    elevation  1,850  feet   {2). 

Dark  shale  roof.                                                     •                      Ft.  in. 

Coal« 8 

Coaly  shale 4 

Coal« - 11 

Coaly  shale 3 

Coal« 8 

Shale  floor.  

2  10 
Strike  N.  76°  W.,  dip  55°  SW. 

About  a  mile  above  this  on  the  north  side  of  the  valley  and  just 
below  the  hanging  glacier  a  7-foot  bed  of  anthracite  is  reported.  The 
sample  shown  tp  the  writer  is  very  bright,  hard,  and  not  crushed 
at  all.  ' 

Section  in  gulch  at  head  of  Second  Berg  Lake  (3), 

Sandstone  roof.  ^'t.      in. 

Coal,  bony 6 

Coal,  hard  and  bright  & 2        2 

Sandy  shale  floor. 

Strike  N.  85°  W.,  dip  32°  NE. 

The  best  exposures  qf  anthracite  seen  by  the  writer  are  in  Carbon 
Mountain,  where  the  following  sections  were  measured : 

Section  in  third    (eastern)   opening  on  hillside  trail  on  east  side  of  Carbon 

Mountain  ()). 
Shale  roof.  i^'t.       in. 

Coal 10        G 

Shale  floor. 

Strike  N.  60°  E.,  dip  28°  NW. 

Section  on  east  side  of  Carbon  Mountain,  second  opening  from  west  end  of  hill- 
side trail  (J). 
Shale  roof.  i^'eet. 

Coal^   15-h 

Shale  floor. 

Strike  N.  77°  E.,  dip  22°  NW^ 

*  Included  in  sample  No.  2,  p.  84.  ^  Included  in  8ample  No.  3,  pp.  84-87. 

^  Included  in  sample  No.  5,  pp.  84-87. 


r 
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It  was  not  posiiiblt?  to  ubtaiii  u  t'umplete  nieasureiiient  nf  tlu^  cosil. 
which  is  rujiorted  ass  being  23  to  25  ftfot  thick. 

S^vction  on  rant  Mr  of  Curhon  Mountain,  flrst  opantnt!  fiymt  irctii  t  ml  t>f  fiifl^hlv 

(tnV  an. 

Ki,        Iri. 

Ooiii'*  ^—^ , ^-^^ —^   10      n 

The  above  three  sections  are  all  prolmWy  on  the  same  neaiiu  which 
the  owners  claim  to  have  followed  along  the  mountain  t=^ide  for  t3 
miles,  in  which  distance  they  found  thiekne:Bii  ranging  from  9  to  25 
feet. 

About  200  feet  below  this  is  another  Hcain,  which  is  said  to  vary  in 
thicknei^  from  4  to  11  feet  The  following  section  was  measured 
by  the  writer: 

i^iK^tion  of  »eam  ^00  feet  ^elom  hiUifidr  trail  oti  vast  mde  of  CarJmn    Monn^ 

tain  (7). 
Siiate  nwt  Ft,      in, 

OiHiI*    ^_..^__^... _.-^--^-^^ ^_, 4         S 

Shale  floor. 

Strike  N.  SO**  W..  dip  30'  XE. 

SeviTal  otlier  iseams  are  exposed  lower  down  the  face  of  the 
mount  a  i  a. 

Air  important  and  apparently  very  persistent  stnim  is  expoi^d 
along  the  west  side  and  near  the  top  of  Carbon  Mountain.  It  is 
possibly  the  same  as  the  upper  seam,  referred  to  above,  on  the  east 
side  of  the  mountain.    The  following  sections  were  measured: 

Section  at  north  end  of  hillside  trail  on  west  side  of  Carbon  Mountain  (8). 

Shale  roof.  Feet. 

Coal''    (bright,  clean,  and  often   iridescent) 15-1- 

Shale  floor. 

Strike  X.  S4°  W.,  dip  25"  NE. 

Section  at  south  end  of  hillside  trail  on  ivest  side  of  Carbon  Mountain   (0). 

Shale  roof.                                                                                                       Keet. 
Coal  '^    10 

Shale  floor. 

Strike  X.  52°  R.  dip  0°  SK. 

The  two  following  sections,  which  are  a  little  farther  south  on  the 
we^t  side  of  the  same  ridge,  sliow  a  coal  which  has  the  physical  char- 
acteristics of  the  anthracite  at  the  other  openings  in  the  vicinity,  but 
whose  analyses  indicate  a  semianthracite.  From  the  structural  rela- 
tions it  seems  probable  that  one  of  the  seams  corresponds  to  the  lower 
coal  described  from  the  eastern  side  of  the  mountain. 

«  Included  In   sample  No.  0.  ])p.  S4-S7.  ''  Included  in  sample  No.  S.  pp.  S4-S7. 

''  Included  in  sample  No.  7,  p.  84.  <*  Included  in  sample  No.  0.  pp.  Si   s7. 
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Section   in   opening    near   crest    {west    side)    of    Carbon    Mountain    between 

trails    (10). 
Shale  roof.  Ft.      in. 

Coal«     5        3 

Shale  floor. 

Section  in  opening  50  feet  bclotc  No.  10  {11), 

Shale  roof.  Ft.      iu. 

Coal,   impure   3 

Coal^  (good  and  hard) 2        10 

Shale  floor. 

Strike  N.  82°  E..  dip  38°  NW. 

Numerous  outcrops  of  anthracite  (mostly  poorly  exposed)  were 
seen  on  the  banks  of  Canyon  Creek  for  a  distance  of  2  or  3  miles  be- 
low the  glacier.  The  two  following  sections  represent  the  best  of 
these  outcrops : 

Section  at  source  of  Canyon  Creek  {west  hank)    {12). 

Feet. 
Coal 5 

Section  on  west  hank  of  Canyon  Creek,  500  feet  below  glacier   {IS). 

Feet. 
Coal  _-. 1 3 

Section   on   tributary  to   Canyon  Creek,  on  east   side  and  ncrt   below    Hunt's 
cabin;  elevation,  630  feet  {IJi). 

Ft.       In. 
Coal*'    0        0 

Strike  N.  55°  W.,  dip  31°  NE. 

Section  on  same  creek  ^s  No.  14;  elevation,  Jf50  feet   {15). 

Shale  roof.  Feet. 

Coal 3 

Shale  floor. 

Strike  N.  G5°  E.,  dip  (K)°  NW. 

Section  on  same  creek  as  Nos.  i.)  and  15,  about  100  feet  above  creek;   elevation. 

520  feet    {16). 

Firm  shale  roof.  Ft.      in. 

CoaH 2        7 

Shale  floor. 

Strike  N.  55°  E.,  dip  46°  NW. 

Section  in  tunnel  on  east  bank  of .  Canyon  Creek,  near  Hunt's  cabin,  21  wiles 
above  mouth  of  creek  (i7). 
Shale  roof.                                                                                    Ft.      in. 
Coal  ^ - 4        2 

Shale  floor. 

Strike  N.  40°  E.,  dip  60°  NW. 

•  Included  In  sample  No.  10,  pp.  84-87.  '^  Included  In  sample  No.  14,  pp.  84-87. 

*  Included  In  sample  No.  11,  pp.  84-87.  «»  Included  in  sample  Nor  16,  pp.  84-87. 

'Included  In  sample  No.   17,  pp.   84-87. 
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Scf'tioH  irt  i'iittt  tfunk  of  t'itni/on  Crevk,  3  Tfiitf«  abtin^  tin  mttttth   i  t^\» 
Sandstcme  roof,  ¥\.      la, 

Vxn\\ ^ . ^^. . t  -  .    I        : t-^— -t-, . .       2        *'^ 

Sbfile  floor. 
Strike  N,  TO*  W.,  i!l|J  STj*  XK. 
This  bed  is  very  vtiri libit*  in  tlnekness  and  ]>iiU'hps  m^i  hi^ber  in 
the  [>hirt". 

^eetidM   ht   rrct^fc  nn   went  Hfupf  of   Cnrboti   Mttunlnitt  ftftfHiMltr   tht^    mntifh   nf 
Cunyott  Vrirk;  ticratitm,  H*W  frrt   ifSf\. 

SlJttlA      ._ ,^ .. , ..^. .__  1 

Ton  I'*  (rnriiies  tnmi  3  to  21  Inches  i  ..  1         Ti 

Shale  (rtmijew  fifiuj  1  10  IS  lucUt*)*^ .  1 

Coal'*  (rauges  from  14  to  24  \xw\u*i^'i  1         li 

Hiird  fsluilf  tl<>(jr* 

HM'ike  (un  nmsr)  N.  25°  E.,  dip  fWi''  XW,  (varlabi**!. 

Arkos4»  roof.  Ft      in. 

VitiU  **  imu^es  froui  8  to  22  Inches) ^--^-..^—- ^^_^-_  1         8 

ArUoae  tlwir, 

8tril(e  N.  IKr'  R,  illp  ?«'  N\r, 

At  the  ^uth  end  of  Carbon  Mountain  there  is  a  high  IJiiff^  wlieie 
nri'in^  River  was  formerly  pushed  iinfjiinst  the  end  of  the  mmintain 
l)y  Boring  Ghicier,  and  here  the  following  section  was  measured: 

N("c7jo/<    at    sDiith    cud    of    (Uiihon    Manntain    {21). 


Sandstono    _ _     _     _     _     . 

(\)k('    -    -- 

Saii(lst<Mio  Mild  slijilc  cut  l).v  dial)asc'  sills_   

(:v)k('  _    

1  )ial)ase  sill _     ^     _    _  _      - 

("oke^"     _  -  _    

Diabase    sill 

Coke    __  _      ^_ 

Diabase     sill.         ^  

Coke    

Slialo    - 

Strike  X.  no'  W.,  dip.  20°-25°  N. 
'IMie  coke  and  sills  at  tliis  point  are  sliown  in  IM.  IX.  /?   (p.  !)2). 


1 

'eet. 

:{o 

1 

20 

o 

•  ) 

-(•» 

1 

-7] 

li 

1 

s 

5 

-21 

1 

20 

Tlie  \  all(\v  of  CMear  Creek  contains  .many  good  exposures  of  semi- 
anthracite  and  semibitiuninous  coal.  The  following  sections  rej)i'e- 
hcnl    part  of  the  e\j)osures  and  openings: 

Nc(//o//  ///  sntdll  tuiitir}  on   north   bdnic  of  ('lair  Cnck;  clcnitian,  7'tO  f<<  (   (  ,^.M . 

Ft.        in. 


Sliale  roof. 

Coal 
Shale    tin..!-. 


10 


'  IiichnU'd  in  .samj)l('  No.   P.>,  \>v>-  ^^    ST.  ''   HioIikUmI  in  sarnpio  No.  I'D,  pp.  S4-s7. 
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Section  in  tunnel  on  north  bank  of  Clear  Creek  near  top  of  falls  {2S). 

Shale    roof.  Feet. 

Coal«    18 

Shale    floor. 

Section  in  stripping  on  northtcest  hank  of  Clear  Creek  abftre  falls  (2)). 

Feet. 
Coal     47 

Section  in  stripping  south  of  No.  2)   (2;>). 

Feet. 
Coal     31 

Section  at  base  of  Clear  Creek  Falls  (26*). 
Shale. 
Diabase    .sill.  Feet. 

Coke  (ranj^es  from  0  to  12  inches) _     1 

Coal^ _      _     ri 

Coal     11 

Shale. 

Strike  N.  05"   E.,  dip  45°   NW. 

This  seam  varies  considerably  in  thickness  within  short  distances, 
A  measurement  at  the  base  of  the  falls  showed  8  feet  2  inches  of  coal, 
while  one  at  the  tunnel  a  few  yards  away  gave  a  total  of  about  IG  feet. 

Section  on  tributary  to   Clear  Creek,  heading  southeast  of   Monument   Moun- 
tain, elevation  1,-^,50  feet  (27). 

Firm  shale  roof.  l^t.       in. 

Coal    1         4 

Hard  shale 7 

Soft  shale  with  some  coal J         2 

Shale 2        :\ 

Coal^    3+ 

Sandstone  floor;  fault  at  floor  cuts  oflT  coal  above  it. 
Strike  (on  roof)  N.  S5°  E.,  dip  32°  NW. 

Section  on  same  creek  as  No,  27;  deration  1,200  feet  (28). 

Firm  shale  roof.  Ft.       in. 

Coal"    1       10 

Bone  4 

CoaM 11 

Bony  coal      - 7 

Coal<»    3 

Shaly  coal  -_     .      3 

CoaH    3        3 

Shale  horse 5 

Shaly   coal 2 

Coal  1 

Strike  N.  67°  E.,  dip  30°  NW. 

■  Included  in  sample  No.  23,  pp.  84-87.  ♦"  Included  In  sample  No.  27,  pp.  84-87. 

» Included  in  sample  No.  26,  pp.  84-87.  «'  Included  in  sample  No.  "28,  !^\>.  ^\-vrv- 


B^tiOfi  titt  rant  tutttk  uf  Ctvar  CrvvK,  2M  mitrJt  uboiv  it^  mtmth  (ff). 


Fl n g^y  mud wt one* 

^aijcly  sUale  ,,^,-,- 

Coal-J  .^ , ^_._ 

IMabflBt?  sill 

fJfiirtly  shflit*. 

Strike  N,  m^  E.,  dJp  G7'  N, 


4 
4 


This  is  the  lowest  coal  exposed  on  Clear  Creek,  although  two  lower 
ones  are  reported  on  a  near-by  tributar}"  from  the  north.  There  is  no 
physical  evidence  that  the  intrusion  has  altered  the  coal. 

Bevtifm  in  pru^pfTf  ^jpfning  tm  vrexl  nf  ridge  he f wren  Tmut  nmi  f'Jenr  rrrekst 
m\ah  uf  Trail  Gnp;  rlerftiion  1M5  ftet   {30). 

,  FL       In. 

Sliale„_.^ „„ .__.. .. .__.__      1 

Coal ._. .- ^_— ^ _-.._^-. 4 

Khale^,„,,-„ , ,.._,, ,. 4 

Conl-- ._^„,^ ..„ _,„_,„. .    10 

Shnle--,^^ _^-*^ .-^ ,_^ * 1 

(%ml__-^^ ., _^ ^ , ^      2        4 

Shule...    . .^- ^-__--. 2 

^trikp  N.  70"  R..  (1^1  ^i"  NW. 

Mt!i*tUin  on  rrcHt  of  mmr  rittge  nn  Xo,  30,  rtOO  feet  ftwihtr  south* 

Foet. 

Shale,    (lark __     12 

Coal        12 

Shalo  S 

Strike  N.  70°   E.,  (ll))  ^4°   NW. 

Several  workable  seams  are  exposed  on  Trout  Creek.  The  following 
sections,  arranged  in  slratigraphir  order  beginning  with  the  highest, 
wore  in(»asured  : 


S<'(li(ni  in  tunnel  on  Tn mi  Creek  opposite  house  (.?.?). 
Shale  roof. 

Coal''    __   

Shale  tloor. 

Strike  X.  sr»"  W'.,  clip  2s°  NE. 


Ppot. 


Section  at  ereek  lerd  laJoic  Xo.  33   {3',). 


Ft.        in. 
4 


Shale -        - 

Coal  '■    _  -    -^- 

Sandstone^-  _  - -      _       5 

Strike  N.  70     ]].,  (lii»  ;{s^    X\V. 

S<(li(in  in  lon(/  lunntJ  on(  -fourth   in  He  Ik  low  house  on  Trout  Creek   (SG). 


Coal 


Ft. 
4 


hiclnded  iu  sample  No.  '2U.  \t\\.  si    ST.  '' Iu(  liulod  in  sampl«^  No.  :iP,.  pp.  S4-S7 

'"  Inchidpd   in   sanii>le   No.   ."^4.    p.   SI. 
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Section  in  long  tunnel  one-fourth  mile  below  house  on  Trout  Creek  (136). 

Shale  roof.  Feet. 

Coal« 33 

Shale  floor. 
Strike  N.  65°  E.,  dip  38°  NW. .  " 

Section  in  tunnel  1,500  feet  below  house  on  Trout  Creek  (37) 

Arkose  roof.  Ft.        in. 

CJoal 1-      7  7 

Arkose  floor. 

Section  on  small  drain  into  Trout  Creek  from  the  west,  near  mouth  of  Bear 
Creek;  elevation  39,5  feet  (38). 

Shale  roof.                                                                                                     Feet. 
Coal - 6 

Shale  floor. 
Strike  N.  2°  W.,  dip  24°   SW. 

Section  on  same  drain  as  No.  3f<;  elevation  375  feet  (39). 

H.  Ft.       in. 

Coal 3  6 

Strike  N.  25°  E.,  dip  39°  NW. 

Section  on  same  drain  as  Xos,  38  and  39;  elevation  360  feet  (40). 

Shale  roof.  Feet. 

Coal 12+ 

Shale  floor. 

Strike  N.  15°  E.,  dip  27°  NW. 

The  following  sections  are  all  on  the  east  slope  of  Kushtaka  Ridge : 

Section  on  east  side  of  Kushtaka  Ridge,  one-fourth  mile  east  of  U.  S.  L.  M. 

Kayak  \o.   h    (///). 

Feet. 

Shale 30 

Coal 5 

Coal  and  shale 5 

Shale 10 

Coal 3 

Shale  floor. 

Strike  N.  38°  E.,  dip  70°  NW. 

Section  on  east  side  of  Kushtaka  Ridge,  elevation  1,630  feet  (^2). 

Shale  roof.  Ft.        in. 

Bone 8 

Coal 3          8 

Shale 1 

Coal— ^ 3          4 

Bone 3 

Coal 1          8 

«  Included  in   sample  No.   ;^(»,   pp.   84-87. 
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Fl.  In. 

Booe ^^^^_ ,^>_^^^_-  5 

OottL ^ _-. ,-^  1 

miBla .^^ ^^^^-  I 

Cofli -- .^_- „.,-  n 

Boiie__-_ .    .    _.  3 


Dnrk  s^linlo  flour.  12  *» 

Ht*i*fitin  oti  KttHhttiktt   Hiftt/f\  vonf  aittt^   /A    mitrn  uttt'th-tttitffftrrftt  t*f  t*tth(M  i  rtr* 

St't^iitifi  ttii  f\itsthftik*t  RhUf*\  *'''**'  *rf//r,  /  miU'  nnrttt  ttttrffari'Ht  i>f  rfthtn  ^  Hf^mtiuti, 

S,Vi  frvi   (  JJJ, 
Soft  nht\[^  nmt,  '  ^"^^1* 

Cml^  .3 

Strlkt*  N.  IT  K.  ilif  4<r  x\v,  * 

Shale  ^ 
Coal  __ 
Shale  _        _ 

Hone -  2  ! 

Coal i:         (; 

P»one -  •*» 

Coal  _  ^  1 

P.one  4 


frrf 

MaU 

PI. 

t2-1f* 

1 

J 

<; 

27 -.'^0  -J 

Strike  N.  22"   K.,  dip  r.s^    XW. 

Section   in  tnnml  <ni  t mil   i.inil  feet   nortfi  of  K usJitiil,<i  cnJtin    ('id). 

Shale  roof.  iv««t. 

Coal    (pinehinir  out  )  ^  /■<> 

Strike  X.  2.")'   K..  dip   12     WV. 

Section   in   tunnel  on   en.st  face  of  l\ns/itahn   Ixiitue  :  (ternfion,  l'J()  feet    (  '/N). 

I'iriii   sliale   root'.  I't.        in. 

Coal  ^'  soiiiewlinl   Imhiv  ;iiid   witli   pyritc  iiodiiii'S  14  r, 

Hard  sliale  llo<»r. 

Strike  X.  (in°   K.,  dip   i:,     \\V. 

"  IncIiuhMl  in  s.-iiiipi*'   Nn.  A'.\,  pp.  S4    ST.  ''  IndiKitMl   in  s;iinpl«'  No.  44,  pp.  S4-.S7. 

'   lncln<l(Ml   in   sample's   Xcn.    i  s;i    ;m,i    4sl(.   pp.   S4    s7 
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The  following  sections  are  exposed  on  the  crest  of  Kushtaka  Ridge, 
beginning  near  United  States  locating  monument  Kayak  No.  4  and 
extending  for  about  one-half  mile  southeast.  The  stratigraphic  posi- 
tion of  the  beds  is  given  in  the  section  on  pages  32-34. 

^rctinn  on  Kushtaka  Ridge  just  below  U.  8,  L,  M,  Kayak  AV>.  Ji ;  elevation, 

2y'i00  feet  (//.9). 

Shale.  .  Ft.       in. 

Coal    2        2 

Coal,  shaly 1 

Shale 0 

Coal 4        8 

Shale. 

Strike  X.  45°  R,  dip  04°  NW. 

Seetion  on  Kushtaka  RUlge  500  feet  southeast  of  U.  N.  L.  ^f,  Kayak  Xo,  .) ; 

elevation,  2,3)0  feet  (50). 

Ft.       In. 

Shale,  carbonaceous 2 

Coal    2        3 

Shale,  carbonaceous 5 

Strike  X.  -fS"  E.,  dip  G5°  XW. 

8eetion  on  Kushtaka  Ridge  1,300  feet  southeast  of  V,  S.  L.  M,  Kayak  No,  .) ; 

elevation,  2,1  SO  feet  (51). 

Ft.       in. 

Shale -     - 7 

Coal 3 

Shale C 

Coal G 

Shale 0 

Coal    __    -  1 

Shale    -   -       -   -      2 

Strike  X.  45°  K.,  dip  45°  XW. 

flection  on  crest  of  Kushtaka  Ridge,  l,J/00  feet  southeast  of  U.  »S*.  L.  M.  Kayak 
No.  //;  elevation,  2,150  feet   {52.) 

Ft.        In. 

Sandy   shale -         2 

Shale  with  coal  streaks __ 2        8 

Coal -     s        8 

Soft  shale  floor ^   _-         __     _  1 

Strike  X.  40°  E.,  dip  40°  XW. 

Section  on  Kushtaka  Ridge,  1,700  feet  southeast  of  ('.  S.  L.  XL  Kayak,  No.   ', : 
elevation,  2,100  feet  (53). 

Feet. 

Shale  with  coal  streaks 5 

Coal 1 

Shale-   2 

Coal--  -   5 

Shale. 
Strike  X.  40°  E.,  dip  45°  NW. 
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Tlu?  following  sections  nrv  on  the  west  slope  of  Kii^^htaka  Ridgi*,  in 
the  ViiJley  of  (^arlxin  CiTek : 

HtTiiun  tin  nurtti  htinic  of  Varbtm  Creek ^  nvur  hi^adwalim;  tttiutifm  fJ3U  frei 

ru      in. 

Shale . ^^^^ 1„ ., .,  4 

Coal  ^^^ .^^. ^— .^- ..., 1       11 

Shale  „_ . ,,__„ ^ .^^^     -  J 

Strike  N,  IS"*  E.,  dip  m'  KW. 

BevHon  of  i^unl  tftt  nftrtUtrrHt    hthik  nf  (Jarf^tt  Trrr^A"    (:tj), 
Sluile  n-KJf-  F»'*^t, 

Sliale  O**^**?!^^*?) ^— ,^^ -. -,^^ 7 

Cm]  -*.* .^-.^,« — ^. — _^__„^,         -2 

strike  N.  m^  R.  c1l]>  42''  NW.  * 

Section  of  ***Mit  ^'*n  mutheniit  hm^h  of  i^futrt^  Crrrk  f '^k 

Ft.         iu. 

\\K\\ _                 _^    .^-    14 

Sliale -        -              _    ^        4 

Coal           7 

Shale  ^ -      -      -      ^        :i 

Coal -    _     _      --        -        'J. 

Shalp ^      _      _      _   _  2 

Coal .-        -    _          _     ^                  ^        .  10 

Strike  X.  ru;°  K.,  (Hp  ns"  SK. 

Section  on  snnill  creel:  soiithirest  of  Qnaii  Creek   (.77). 

Slialc  roof.  Ft.  iu. 

Coal 1  1 

Shalo -_      _   -    __  ?>  G 

Coal  _____    '2  2 

Shale  with  coal  streaks.     _                _                _  1  G 

Coal  __  '^  {] 

Shale _          _       -                        _  S 

Coal_     __                _                                                             ^  i;  s 

siiaie  _  _  _      _  .  :;       0 

Coal  _^_  ^        .  _  11 


:\:\ 


"  Includt'd   in  samples  Nos.   ."..".a  and  .'►."►!».  pji.   si    s7. 
''  In(du(l«'(l  ill  saiiipl«'s  Xds.  .ir.c  and  .".."mI,  pp.  Sl-s7. 
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Section  on  small  creek  southwest  of  Queen  Creek  {58), 

Shale  roof.  Ft.      in. 

Coal« 17 

Shale 41 

Coal 4 

Shale 5 

Coal 3 

Shale 2        6 

Coal 26 

Carbonaceous  shale.  

98        6 

Section  on  small  creek  southwest  of  Queen  Creek  {50). 

Feet. 

Coal :. 14 

Shale J 2 

Coal ^____       16 

32 

Section  on  Leeper  Creek,  one-third  mile  above  its  mouth  {60). 

Feet 

Coal  ^   8-11 

Strike  N.  40°  E.,  dip  75°  NW. 

Section  in  stripping  on  north  side  of  Carbon  Creek  above  the  tunnel  and  at  an 
elevation  of  830  feet  {61). 
Shale  roof.  i^'eet. 

Coal    8 

Shale  floor. 

Strike  N.  50°  E.,  dip  45°  NW. 

Section  in  tunnel  on  south  bank  of  Carbon  Creek  (62). 

Arkose  roof.  Fe«t. 

Coal  c    S-11 

Shale  floor. 

Section  in  tunnel  near  mouth  of  Sevada  Creek  {6.'i). 

Ft.      in. 

Dark  shale 2 

Coal** i Id       7 

Arkose   10 

Strike  N.  90°  E.,  dip  78°  N. 

The  following  sections  are  in  the  upper  part  of  the  valley  of  Shep- 
herd Creek,  above  the  mouth  of  Carbon  Creek : 

"  Included  In  sample  No.  58,  pp.  84. 

*  Included  in  sample  No.  60,  pp.  84-87. 

«  Included  in  samples  Nos.   62a  and   62b,   pp.   84-87. 

**  Included  in  samples  Nos.  64a  and  64b,  pp.  84-87. 
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Hrvtirtn  oi  mtrilt  tutt  uf  Hitptr  tnUf  on  taift  nitfy  ttf  lAitf  Chiitifitif ;  thmiifin 

Si  a  ffti  {(iS). 

¥L       111. 

8hillo  HKjf ^^. .__ __^__^_^^.^ ._^  10 

C3oal   ^.^^^.^^^ .-^^ .^ ,^w^^_^-^_  2 

BM\ti  .--... .^_, ^ .^^^._- ^.,__  5 

Cual  ^  wltli  umuy  tbiu  imrtlngn  of  Lone. IF      H 

Shule  iiuJ  uoal ^^„^^ __-_, ^_    6 

StrJke  N,  12'"  K.  dip  T2''  ftE. 

At  this  opening  the  coal  is  firm  and  jshoiild  stand  shipment  with  Ifss 
crnshing  tlmn  many  of  the  otherw  in  this  field,  but  tlie  aiiinunt  of  «>^h 
i^  exces*iive.  The  mum  .seam  has  been  opened  again  about  half  ix  mik» 
HOLith  of  tbia  point. 

8cf*tkm  uf  prtmptai  r^pmiiitt  nrttr  firadt-  Tntil  vahhi  {  **fhiittr  ntifiji ''  \   mt  vtini 
*/tff '  uf  8h i^ph 4  tit  ft 't  f ' A' ,  ^ ^t  m \hH  Uttu\r  I m t r ■  c ft n rfo ttf  i  Uii \ . 

Vmt—— , .^- —  at>         S 

Sim  It*  floor* 

Tills  bed,  which  appeared  very  promising  when  first  opened,  show- 
ing a  great  thicknesB  of  beautiful,  clean  roal.  has  l>een  found  to  Ije 
vni  off  entirely  within  n  few  feet  by  a  fault. 

The  following  section  is  the  only  one  measured  in  the  lower  j^art  of 
the  Shepherd  Creek  vaUev,  ah  hough  a  considerable  area  of  coal  is 
known : 

t!<crtinn    I    tnilc    north ircsf    of    ('(tunc    Jjnulini/    an    Stn'ittn'rd    ('nek:    cJcmtinn 

.>0n  fed    {(n). 

Ft.        in. 

cnni ''  _        _  _      _  _     _  __  _      '    :; 

Slialc       __  _        -      ^        „     _  '2 

Ccnl  ''    ^_  _  4  4 

Strike  N.  r.o''  K..  dip  C.n''  X\V. 

The  opening  is  on  the  we.st  side  of  the  vaHev  of  Shepherd  ('re(»k. 
at  MU  elevation  of  al)out  *iOO  feet  above  leering  Lake. 

The  following  sections  are  in  the  \alley  of  Lake  Tokun  : 

Section  in  prfisjKcf  opcninf/  on  n-(  st  InniJ:  of  'I'otnin  Cra  h\  t.)  niHrs  almrt    l.<il:< 

T ok  tin    iliS). 
Arknsc  ro..f.  Imm^i. 

('o;iI  __  _         .    2 

SJialr   llonr. 

Strike  X.  {\rr  !•:..  dip  :\:\'  y\\\ 

Srction   in  f>r(tsjK(l  o/x  iiiiit/  -/  sliorl   disldnci    ahoic    \o.  i:s   ((HI). 
Arkose  niof.  Fo^t. 

(N.al.  ._  _         :; 

Sbnlr   tlonr. 

Strike  N.  i\:>  .  dip  :;:;    xw. 

"Included  in  snniph'  No.  «»r).  \>.  s\.  "  \v\v\\uVv\.  \\\  vauiv'*'  N<».  <>T.  p.  St. 
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tSection  in  lower  tunnel  on  Tokun  Creek,  about  JOO  yards  above  Xo.  60  {10). 

Arkose  roof.  Ft.      In. 

Coal« 6  8 

Shale  floor. 

Section  in  upper  tunnel  on  Tokun  Creek  (77). 

Sandstone,  shaly.                                                                                   ^'eet. 
Coal 6 

Strike  N.  78°  \V.,  dip  40°  NE. 

Section  at  head  of  gorge  on  Trail  Creek  (72). 
Sandstone  roof.  Ft.      in. 

Coal 2        0 

Sandstone  floor. 

Strike  N.  15°  W.,  dip  55°  NE. 

The  coal  in  the  valley  of  Dick  Creek  is  represented  in  the  following 
sections: 

Hection  in  tunnel  on  tributary  to  Diek  Creek  from  the  east  /*  miles  above  mouth 

of  Diek  Creek   (73). 

Feet. 
Coal (> 

Sandstone  floor. 

strike  N.  15  W.,  dip  (KJ°  NE. 

Section  in  tunnel  on  Pincers  Creek,  1  mile  north  of  Bering  Lake  (7-)). 

P^t.        in. 

Coal  (top  conceal e<l) .    _         _     ._     2 

Shale 1        0 

Coal&    8        6 

Sandstone  floor. 

Strike  N.  70°  E.,  dip  35°   N\V. 

Heetion  on  tributary  to  Falls  Creek,  h  mile  northeast  of  Christopher's  cabin; 

elevation,  200  feet  (77). 

Soft  shale  with  i)robably  a  little  overlyinjr  coal.  I't.  in. 

Coal<^    2  7 

Shale 7 

Coal - '  1) 

Shale 1  10 

Coal _-   5 

Coaly  shale 0 

Arkose. 

Strike  N.  25°  E.,  dip  ♦M)°  SE. 

Section  in  opening  in  cliffs  of  rails  Creek,  I  mile  north  of  Bering  Lake;  elera- 

ration,  J 10  feet    {7(i). 
Arkose.  Feet. 

Coal**    •--     3 

Coal  and  shale 8 

Coal*   4 

Sandy  shale  floor. 
Strike  N.  20°  W..  dip  25°  NE. 

"Included  In  sample  No.  70,  p.  S4.  '•  Included  in  sample  No.  7.'»,  pp.  84-8". 

^Ittdiided  In  sample  No.  74,  p.  84.  **  Included  \n  »am\^\e  "^o.  1^,  ^\>.  '>i)\-%'v. 
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Up  the  crpok  from  thin  point  iire  nuniorouH  small  surfact*  opeiiijtp 

each  showing  from  "I  to  3  ft»et  of  irre^guhir  coal : 

Utiiimn  rm  hMtU  Creek  1  mile  ubove  iU  mttuih;  elrvatifm,  800  feet  (77). 

MaRBlve  arkcH4v  ^''^i^t- 

Onl .__^-__^ . - H 

Slmle    _.__-,_„_. ..  .__. . -_ 4 

Coa\ . 2  + 

StcUijn  on  tidgt'  Hnuih  uf  Mtifttit  Iltnuiltun:  rhunfiftn.   lMi>^  ftxt    i7H}» 

8La  le -^ . , ^ —_ ^1^ ^  _     1 

Coiil  _^.^ --,.^,.-_.^_^_-_^ ^^ ^^^, X'2i 

81111  le  __,^„_^ ^- : ^ 1 

Colli ^,^^^1 -__^-^*^ ^- _._-__     2 

Strike  N,  SO^   W.,  dill  STy"  NB, 

r*  I'M , 


J 

Ctwl  _.,„,.._.._„...._,„     ,  .„     „       ..._    T 

1 

Shulp       ^          ^„^_-,     -^^     _*__ 

0 

Coal  __ 2 

Shale 8 

Strike  X.  sir   K.,  dip  40°   NW. 

S('cfif)U  in  f/ulch  tfro-fifths  nf  a  mile  sfHitJnrcsf  of  Mount  Ifninilton  ;  el 

cratiftn. 

1,100  feet   {HO), 

Shale  roof.                                                                                                 Ft. 

in. 

Coal'' _     5 

Shale  at  toj)  aiid  i)ottoni,  coiu-ealed  i)el\veeii :^0 

Coaly  shale _        _           2 

Coal 'J    (somewhat   impure) .      1 

5 

Shale _        _    ^ 

o 

(V)al '^  with  shale  streaks               _            _    _                           1 

4 

Shale -                        - 

4 

Coal^  with  little  shale                              _        _    .           1 

Shaly  coal _                                            

(i 

Coal  ''               __                                 _ 

I) 

Shale  __              -                _                        _-                                  1 

Coal.   iinpHre__                              _                       

(V)al'     -    -      1 

Shale                  _      _            ^_        _ 

4 

S 
o 

Coal'    _          _.^    4 

(> 

Shaly   sandstone   tlonr. 

Striko  N.   HT   K.,  dip  .V_>"  X\Y. 

IncliKled   in  s.-impic  No.  SOa.  pp.  S4-S7.  '■  Incliidod   in   saniplo  No.  80b.  pp.  84-87. 

'  lucludcd  in  sample  No.  80c.  p],).  81-87. 
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Section  in  tunnel  an  shore  of  Bering  Lake  halfway  between  Poul  Point  and 
mouth  of  Dick  Creek  (81). 
Shale  roof.  Ft.      in. 

Coal 8 

Sandstone 1 

Coaly  shale 10 

Coal« 4 

Soft  shale 6 

Possibly  some  coal  beyond. 
Strike  N.  76**  E.,  dip.  72*  NW. 

CHARACTER   OF   THE    COAL. 
PHY8I0AL  PR0PEBTIB8. 

Numerous  specimens  of  hard,  firm,  bright,  and  apparently  pure 
coal,  possessing  all  the  physical  characteristics  of  the  best  anthracite, 
have  been  seen  in  the  upper  part  of  the  valley  east  of  Carbon  Moun- 
tain. 

These  properties  are  not  evident  in  most  of  the  surface  exposures 
of  the  coal  beds  and  in  the  shallow  openings,  such  exposures  usually 
showing  only  a  soft,  weathered  mass  of  coal  which  gives  little  indi 
cation  of  anthracite  character.  However,  in  all  parts  of  the  region 
indicated  on  the  map  (PI.  VIII)  as  containing  anthracite  float  speci- 
mens of  good  anthracite,  such  as  those  described  above,  are  found,  and 
the  best  of  the  natural  and  artificial  exposures  of  the  coal  beds  contain 
some  fragments  which  indicate  that  the  unweathered  coal  would  bo 
of  the  anthracite  character  of  the  hard  float  specimens.  The  classifi- 
cation of  all  the  coal  of  this  part  of  the  field  as  anthracite  is  further- 
more confirmed  (see  pp.  90-91)  by  the  other  properties  of  the  coal. 

It  is,  however,  not  certain  that  this  coal,  though  anthracite,  will 
have  the  value  to  be  expected  from  its  composition.  It  is  impossible* 
to  tell,  from  the  present  surface  exposures,  whether  beds  exposing 
a  soft  friable  mass  of  weathered  coal  will  be  found  hard  and  un- 
broken below  the  zone  of  surface  disintegration,  or  whether  this  coal 
is  all  badly  crushed  and  shattered.  The  value  of  this  end  of  the  field, 
as  determined  by  the  possibility  of  profitable  mining,  depends  largely 
on  this  question,  for  when  an  anthracite  is  badly  crushed  its  market 
value  is  far  more  seriously  impaired  than  that  of  a  bituminous  coal 
would  be. 

The  coal  of  the  rest  of  the  region,  classed  below  as  semianthracite 
and  semibituminous  coal,  is  all  of  a  fi'iable  nature,  the  least  crushed 
of  it  somewhat  resembling  part  of  the  softer  bituminous  coals  of  the 
Eastern  States.  Many  of  the  beds  have  been  severely  crushed  and 
sheared,  and  the  coal  is  certain  to  be  badly  broken  up  in  mining  and 

"  Included  In  sample  No.  81,  pp.  84-87. 
2180B— Bun.  335—08 6. 
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shipping,  thus  yielding  a  large  proportion  of  slack*  This  is  not  such 
a  great  detriment  in  the  case  of  the  semi  bituminous  coking  coal  as  it 
is  with  the  anthracite  and  semianthraoite,  for,  as  will  be  shown  below 
some  of  it  will  probablj^  he  made  into  coke,  while  that  which  is  used 
as  steam  coal  will  fuse  and  cake  hs  soon  as  it  is  put  into  the  furnace, 
thus  preventing  the  loss  of  slack  through  the  grates. 

The  coal  from  all  parts  of  the  tield  burns  with  short  flame  and  little 
or  no  smoke,  the  length  of  flame  and  amount  of  smoke  being  least  in 
the  coal  from  the  eastern  part  of  the  field  and  increasing  gradually 
westward.  The  coal  from  the  w*est  end  of  the  field  fuses  and  cakes 
somewhat  on  Ix^ginning  to  burn,  but  that  from  the  eastern  part  burns 
without  caking.  Considerable  fine  coal  or  coke  usually  goes  through 
the  grate  without  burning,  but  this  could  be  remedied  by  the  use  of 
finer  grates  than  are  customaril}''  used  in  this  region.  The  ashes  are 
soft  and  fine  and  little  or  no  clinker  is  formed, 

COKIH0  TESTS, 

The  coking  qualities  of  the  eoal  from  the  S3-foot  bed  on  Trout 
Creek  (see  tunnel  No.  36  on  PL  VTII,  pocket,  and  on  p,  73)  were 
tested  by  the  writer  in  the  summer  of  1905  in  the  following  man- 
ner: A  hot  wood  fire  was  built  in  a  pit  dug  for  the  purpose,  and 
lump  coal  gradually  added  until  about  ()00  pcmnds  of  coal  was  burn- 
ing. Then  about  a  ton  of  slack  and  lump  eoal  was  added.  The  sides 
of  the  pile  were  banked  with  stones  and  dirt,  the  top  and  ends  being 
left  open  for  draft.  After  several  hours  the  ends  were  banked  and 
only  a  small  opening  at  the  top  was  left  uncovered  to  let  the  smoke 
escape.  Four  days  later,  when  the  smoke  ceased  to  come  off,  the  pile 
was  opened  and  the  fire  extinguished.  The  resulting  coke  was  firm, 
strong,  porous,  and  had  a  good  ring  and  luster.  The  test  showed 
conclusively  that  an  excellent  coke  can  be  made  from  this  coal  by 
proper  treatment. 

The  coal  from  the  8-foot  bed  on  Carbon  Creek  (see  tunnel  Xo.  62 
on  1*1.  VIII,  pocket,  and  on  p.  77)  was  tested  in  190G  in  the  same 
manner.  Heavy  rains,  during  the  early  part  of  the  test,  made  it  im- 
p()ssil)lo  to  got  as  hot  a  fire  as  should  have  been  used,  and  the  test 
was  consefjuently  not  as  great  a  success  as  was  hoped  for.  A  small 
(juantity  of  fair  (niality  of  coke  was  obtained  from  the  center  of  the 
pit,  wliicli  seems  to  indicate  that,  under  more  favorable  conditions, 
good  coke  could  be  produced. 

Coal  from  many  of  the  otlier  seams  was  tested  more  crudelj%  and 
it  was  found  that  jiractically  all  of  tlie  coal  here  classed  as  semi- 
bituminous  j)ossesses  such  coking  qualities  that  })rol)ably  by  proper 
treatment  a  good  coke  can  l)e  made  from  almost  anv  of  it. 
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OHBKIGAL  AKD  OALOKIKETBCO  PR0PBBTIX8. 

ANALYSES   AND   CALORIMETER   TESTS. 

Methods  of  sampling, — The  analyses  and  calorimeter  tests  recorded 
in  the  tables  on  pp.  84-87  were  made  upon  samples  collected  by  the 
writer.  These  samples  were  all  collected  in  the  following  man- 
ner: A  position  was  selected  where  a  complete  and  characteristic 
section  of  the  bed  was  exposed,  and  where  the  effects  of  weathering 
were  absent  or  as  slight  as  possible.  A  fresh  cut  was  then  made 
across  the  bed  from  roof  to  floor,  cleaning  off  all  dirt  and  weathered 
coal  as  far  as  possible.  A  waterproof  cloth  was  spread  to  catch  the 
coal,  and  a  sample  was  cut  from  the  roof  to  the  floor,  taking  all 
parts  of  the  bed  alike,  except  such  shale  and  other  bedded  impurities 
as  could  readily  be  separated  in  the  ordinary  practices  of  actual 
mining.  The  parts  of  each  bed  which  went  into  the  sample  are  in- 
dicated in  the  local  sections.  The  sample  was  then  pulverized  and 
carefully  quartered.  A  3-pound  sample  prepared  in  this  way  was 
sealed  immediately  in  an  air-tight  can  «  which  was  not  opened  until 
the  coal  was  analyzed. 

Methods  of  analysis. — The  samples  collected  in  1905  and  190(*) 
were  analyzed  by  F.  M.  Stanton  of  the  United  States  Geological 
Survey  fuel-testing  plant  at  St.  Louis,  Mo.,  using  the  standard 
methods  ^  adopted  in  that  w^ork.  The  samples  collected  in  1904  were 
analyzed  by  E.  C.  Sullivan  of  the  United  States  Geological  Survey. 
The  samples  collected  in  .1903  were  analyzed  and  the  calorific  value 
determined  by  Penniman  &  Browne,  of  Baltimore,  Md.  The  methods 
were  the  same  as  those  used  ^  for  the  Maryland  Geological  Survey. 

It  will  be  noticed  that  most  of  these  samples  contained  a  large  pro- 
portion of  total  moisture,  the  greater  part  of  which  was  driven  off 
by  air  drying.^  Under  most  circumstances  this  proportion  would  be 
regarded  as  excessive  and  not  characteristic  of  fair  samples.  But  in 
view  of  the  large  amount  of  underground  water  which  the  rocks  of 
this  region  contain,  and  the  heavy  rainfall,  it  seems  probable  that  the 
total  moisture  of  these  analyses  will  represent  approximately  the 
proportion  which  the  coal  will  contain  in  uncovered  cars  when  it 
reaches  tide  water. 

Analyses. — The  table  on  page  84  contains  proximate  analyses  of 
all  the  samples  collected  by  the  writer,  and  also  calorimeter  tests 
where  such  were  made.  Averages  of  all  the  analyses  of  each  kind 
of  coal  are  also  given. 

«  Samples  No.  55b,  55d,  62b,  and  65  were  shipped  in  canvas  sacks,  and  consequently  bad 
a  chance  to  dry  in  shipment.     They  were  otherwise  treated  as  described  above. 

•Bull.  tJ.  S.  Geol.  Survey  No.  261,  1905,  pp.  19-20;  Prof.  Paper  V.  S.  Geol.  Survey  No. 
48,  1906,  pt.  1,  177-103;  Bull.  T'.  S.  Geol.  Survey  No.  290,  1900,  pp.  29-30. 

•  Penniman,  W.  B.  D.,  and  Browne,  Arthur  L.,  The  chemical  and  heat-producing  quali- 
ties of  Maryland  coals :  Maryland  Geol.  Survey,  vol.  5,  1905.  pp.  620-625. 

^  Bull.  U.  S.  Geol.  Survey  No.  261,  1905,  pp.  19-20 ;  Bull.  U.  S.  Geol.  Survey  No.  200, 
1906,  pp.  29-80. 
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Survey. 

''Average  of  analyses  29-81    1  semibitumlnousj. 
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LOCALITIES. 

*2.  li  miles  above  Fourth  Berg  Lake. 

*3.  Gulch  at  head  of  Second  Berg  Lake. 

*5.  Carbon  Mountain,  east  side,  second  opening  from  west  on  hillside  trail. 

^6.  Carbon  Mountain,  east  side,  first  opening  from  west  on  hillside  trail. 

^  7.  Carbon  Mountain,  east  side,  200  feet  below  hillside  trail. 

*  8.  Carbon  Mountain,  west  side,  north  end  of  hillside  trail. 
^9.  Carbon  Mountain,  west  side,  south  end  of  hillside  trail. 

*  10.  Carbon  Mountain,  west  side,  near  crest  at  trail. 
^11.  Carbon  Mountain,  west  side,  50  feet  below  the  last. 

*  14.  Tributary  to  Canyon  Creek  on  east  side  and  next  below  Hunt's  cabin,  elevation 
630  feet. 

'  16.  Tributary  to  Canyon  Creek  on  east  side  and  next  below  Hunt's  cabin,  elevation 
520  feet. 

*  17.  Tunnel  on  east  bank  of  Canyon  Creek,  2g  miles  above  mouth  of  creek,  near 
Hunt's  cabin. 

'  19.  Carbon  Mountain,  west  side,  creek  opposite  mouth  of  Canyon  Creek,  elevation 
050  feet. 

*  20.  Carbon  Mountain,  west  side,  creek  opposite  mouth  of  Canyon  Creek,  elevation 
900  feet. 

*  21.  Carbon  Mountain,  south  end  (natural  coke). 

'  23.  Tunnel  on  north  bank  of  Clear  Creek  above  the  falls. 

'  26.  Tunnel  at  base  of  Clear  Creek  Falls. 

''27.  Opening  on  tributary  to  Clear  Creek  heading  southeast  of  Monument  Mountain, 
elevation  1,450  feet. 

'  28.  Opening  on  tributary  to  Clear  Creek  heading  southeast  of  Monument  Mountain, 
elevation   1,200  feet. 

*  29.  Opening  on  east  bank  of  Clear  Creek,  2.9  miles  above  the  mouth  of  the  creek. 
^33.  Trout  Creek,   tunnel   opposite  house. 

*  34.  Trout  Creek,  opening  at  creek  level  below  the  last. 
•36.  Trout   Creek,   tunnel   one-fourth   mile   below   house. 

'43.  Opening  on  Kushtaka  Ridge,  east  side,  li  miles  north-northwest  of  cabin,  elevn- 
Uon  1,600  feet. 

'  44.  Opening  on  Kushtaka  Ridge,  east  side,  1  mile  north-northwest  of  cabin,  elevation 
850  feet. 

*48a.  Tunnel  on  east  face  of  Kushtaka  Ridge,  elevation  790  feet. 

•»  48b.  Tunnel  on  east  face  of  Kushtaka  Ridge,  elevation  790  feet  (same  tunnel  and 
seam  as  last). 

^55a.  Opening  on  northwest  bank  of  Queen  Creek,  upper  bed. 

'55b.  Opening  on  northwest  bank  of  Queen  Creek,  upper  bed  (same  as  the  last). 

*  55c.  Opening  on  northwest  bank  of  Queen  Creek,  lower  bed. 

'  55d.  Opening  on  northwest  bank  of  Queen  Creek,  lower  bed  (same  as  the  last). 
*58.  Opening  on  small  creek  southwest  of  Queen  Creek. 
'60.  Tunnel  on  I^eeper  Creek,  one-third  mile  above  its  mouth. 
*62a.  Tunnel  on  south  bank  of  Carbon  Creek. 
»  62b.  Tunnel  on  south  bank  of  Carbon.  Creek   (same  as  the  last). 
*64a.  Tunnel  near  mouth  of  Nevada  Creek. 
«  64b.  Tunnel  near  mouth  of  Nevada  Creek    (same  as  the  last). 

'  65.  Opening  at  north  end  of  upper  trail  on  east  side  of  Lake  Charlotte,  elevation 
810  feet. 

*  67.  Tunnel  1  mile  northwest  of  Canoe  Landing  on  Shepherd  Creek,  eievation  200  feet. 

*  70.  Lower  tunnel  on  Tokun  Creek. 

*74.  Tunnel  on  Powers  Creek,  1  mile  north  of  Bering  Lake. 

'  75.  Tributary  to  Falls  Creek,  one-half  mile  northeast  of  Christopher's  cabin,  elevati»)n 
200  feet. 

*76.  Cliflfs  on  Falls  Creek,  1  mile  north  of  Bering  Lake,  elevation  110  feet. 

*80a.  Gulch  two-fifths  of  a  mile  southwest  of  Mount  Hamilton,  elevation  1,100  fe«»t. 
upper  bed. 

■  80b.  Gulch  two-fifths  of  a  mile  southwest  of  Mount  Hamilton,  elevation  1,100  feet, 
lower   bed,   upper   bench. 

«<  80c.  Gulch  two-fifths  of  a  mile  southwest  of  Mount  Hamilton,  elevation  1,100  feet. 
lower  bod,  lower  bench. 

'  81.  Tunnel  on  shore  of  Bering  Lake,  halfway  between  Poul  Point  and  Dick  Creek. 
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i,a& 

7,23     7,743 

13,9«7 

(/7ft 

4454 

2..V^ 

3,U0 

5,&1 

12.^ 

64.34 

17.30 

2.33 

4.00     6^5.05 

.95 

8.86  1  6,513 

11,723 

l»7f> 

248^ 

7 

5.20 

6.16 

12.65 

77.87 

3.32 

,70 

4.70     8*2,63 

1.2ft 

7,37     7,9fi2 

14,3%! 

rfSOn 

4437 

6 

5.aO 

7.74 

15.f)7     07.83 

aSA 

.1*4 

4.  .SS     70.  m 

1.19 

13.70  .  6,9S9 

12,544 

*'«0b 

iAWl 

5.5 

2.70 

5.71 

13.04     47/10 

34  15 

«,n 

3,34     4*5,97 

,81 

8,26     4,6ri9 

8,3S6 

JM(k" 

44:jh 

rt.:A 

1  Lffl 

fi.  12 

11.72     51.1! 

31.0.5 

5.25 

3,62     51.23 

,90 

7.M9  '  fi.038 

9.(16« 

tJ^l 

4427 

1 

l.ikt 

5.14 

13,  Ml     ih.m 

b,m 

1,16 

4.50     80.68 

1.38 

7,'B  1  7,814 

14.065 

(/) 

r*,M4 

11  y5 

72,26 

*.45 

1.85) 

4.31 

75.17 

1.29 

7.89 

7,307 

13,152 

«  Those  numbers  ajrree  with  the  section  numbers  as  piven  on  PI.  VIII  and  in  the  sec- 
tions of  coal  beds  (pp.  67-81).  The  arrangement  Is  geographic  from  northeast  to 
southwest. 

Martin.   100r» ;  analysis  bv  V.  M.  Stanton,  V.   S.  (ieol.   Sur- 


"  Sample  collected  by  Cm.  C 
vey  fuel-testing  plant.* 

'"  Average  of  analyses  rj-O 

''  Sample  collected  by  G.  (' 
vey  fuel-testing  plant. 

''Average   of  analyses    10   2S    (semianthracite) . 

^  .\verage  of  analyses  LM»-S1    (semlbltuminous. » 


(antliraclte). 

Martin,   1VH)(> ;  analysis  by  F.  M.  Stanton,  IT.  S.  (leoI.  Sur- 


LOCAI.ITIES. 

''.'?.   (Julch  at  head  of  Second  Rerg  I^ake. 

''.■».   Carlton  .Mountain,   rast  side,  second  opening  from  west  on   hillside  trail. 

'M5.   Carbon  Mountain,  east   side,   lirst  opening  from   west  on  hillside  trail. 

'' .S.   Carbon  Mountain,  west  side,  north  end  of  hillside  trail. 

'' !>.   Carbon  Mountain,  west  sitle.  south  end  of  hillside  trail. 

''  10.   Carbon  Mountain,   west  side.  n«'ar  crest  at   trail. 

''11.   Carbon   Mountain,  west  side.  r»0  feet  below  the  last. 

''  14.   Tributarv   to  Canvon   Creek  on   east   side   and   next  below   Hunt's  cabin,   elevation 
iVM)  feet. 

''  10.   Tri])Utarv   to   Canvon   Creek  on   <'ast    side   and   next   below   Hunt's  cabin,   elevation 
n-JO  feet. 

''  10.   Carl)on  Mountain,  west  side,  creek  opposite  mouth  of  Canvon  Creek,  elevation  O.'»o 
feef. 

''1*0.   Carbon  .Mountain,  west  side,  creek  opj)osite  uioutli  of  Canyon  Creek,  elevation  000 
/"eef. 

"  'Jli.   'J'nuuel   on  uort\»  l>iink  *>?  (neuv  Cw-v^V..  vvV^nv.^  \\u-  UWs, 
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Analyses  and  tests  of  Bering  River  coals. — // — Continued. 
AIR-DRIED  SAMPLES   (calculated  from  table  on  p.  86.) 


FroxLoiate  luuillyils. 
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LOCALITIES— Continued. 

<•  26.  Tunnel  at  base  of  Clear  Creek  falls. 

*  27.  Tributary  to  Clear  Creelc  heading  southeast  of  Monument  Mountain,  elf  vatlon 
1.450  feet. 

«*  28.  Tributary  to  Clear  Creek  heading  southeast  of  Monument  Mountain,  elevation 
1,200  feet. 

*  29.  East  bank  of  Clear  Creek,  2.9  miles  above  its  mouth. 

*  33.  Trout  Creek,  tunnel  opposite  house. 

*36.  Trout  Creek,  tunnel  one-fourth  mile  below  house. 

«*  43.  Kushtaka  lUdge,  east  side,  IJ  miles  north  northwest  of  cabin,  elevation  l,60o  feet. 

**  44.  Kushtaka  Ridge,  east  side.  1  mile  north  northwest  of  cabin,  elevation  850  feet. 

*  48b.  Tunnel  on  east  face  of  Kushtaka  Ridge,  elevation  790  feet. 

*  55a.  Northwest  bank  of  Queen  Creek,   upper   bed. 
''  55c.  Northwest  bank  of  Queen  Creek,  lower  bed. 

•*  60.  Tunnel  on  Leeper  Creek,  one-third  mile  above  its  mouth. 
"  62a.  Tunnel  on  south  bank  of  Carbon  Creek. 

*  64a.  Tunnel  near  mouth  of  Nevada  Creek. 

«*  75.  Tributary  to  Falls  Creek,  one-half  mile  northeast  of  Christopher's  cabin,  elevation 
200  feet. 

*76.  Cliffs  on  Falls  Creek,  1  mile  north  of  Bering  Lake,  elevation  110  feet. 

^  80a.  Gulch  two-fifths  mile  southwest  of  Mount  Hamilton,  elevation  1,100  feet,  uppor 
l>ed. 

«*  80b.  Gulch  two-fifths  mile  southwest  of  Mount  Hamilton,  elevation  1,100  feet,  lowor 
bed,  upper  bench. 

*  80c.  Gulch  two-fifths  mile  southwest  of  Mount  Hamilton,  elevation  1.100  feel,  1ow»m- 
bed,  lower  bench. 

*  81.  Tunnel  on  shore  of  Bering  Lake,  halfway  between  l*oul  Point  and  Dick  Cv*?e\!.. 


OONTROliLEH    BAY    REGIOK,  ALASKA. 

The  tables  on  pages  84-87  contain  proximate  and  ultimate  nn- 

jilvi^s  and  calorimeter  tests  of  the  samples  collected  in  1VJ05  and  1D06. 
Tbi!se  analyses  and  tests  were  all  made  at  the  United  State*?  Geo- 
logical Survey  fuel -testing  plant,  under  uniform  niethods  and  eondi- 
tions^  and  are  hence  better  adapteil  for  comparison  with  one  another 
than  the  other  analyses*  The^se  proximate  analyses  (p-  84)  of  the 
samples  collected  in  1?)05  are  not  the  same  as  the  analyses  of  the  same 
samples  given  in  the  other  table  (p.  86) »  No  ultimate  analyses  were 
made  until  after  the  190(>  samples  were  collected,  when  ultimate 
analyses  were  made  on  both  the  1^05  and  lOOfi  samples,  and  the  proxi- 
mate analyses  on  the  former  were  rejjeated*  The-  differences  between 
the  two  setvS  of  proximate  analyses  on  the  same  samples  i*ep resent  the 
alteration  in  the  coal  samples  which  took  place  during  the  fifteen 
mo[itlis  that  elapsed  between  the  dates  of  the  two  analyses. 

Phosphorus  was  nut,  determined  in  any  of  the  samples  collected  by 
the  writer,  but  a  gruup  of  17  analysiiis  made  under  private  auspices 
show  phosphorus"  ranging  from  0.003  to  0.070  and  averaging  0.017, 
The  exact  localities  of  these  samples,  as  well  as  the  methods  of  sam- 
pling and  analyses,  ai"e  not  known* 

n.AS&IFJCAT10?f    OF  THE   eOAI,. 

Sflieme^  of  elassificatmu. — Coal  is  elassifietl  according  to  its  phy- 
sical properties,  Ix^lnivior  on  l>nrning,  j>nHliicts  of  <!ist illation,  UTid 
chemical  composition,  into  the  main  classes  of  anthracite,  bituminous, 
and  lignite.  Further  divisions  include  semianthracite  and  semibi- 
tuminous,  which  are  intermediate  between  anthracite  and  ordinary 
bituminous  coal;  coking. coal,  splint,  block,  and  cannel,  which  repre- 
sent special  phases  of  bituminous  coal ;  and  subbituminous,  which  is 
intermediate  between  bituminous  coal  and  lignite.  The  Bering  River 
coal  is  all  either  anthracite,  semianthracite,  or  semibituminous,  so  the 
basis  of  classification  of  only  these  will  be  considered  here. 

No  one  of  the  characteristics  enumerated  above  forms  a  sufficient 
basis  for  the  classification  of  coal,  and  since  each  class  of  coal  proba- 
bly grades  completely  across  into  other  classes,  it  follows  that  if  a 
large  enough  number  and  variety  of  coals  are  under  consideration,  no 
sharp  divisions  can  be  recognized  even  if  all  the  properties  are  known. 
Yet,  as  a  general  thing,  sinct^  some  of  these  properties  follow  from 
certain  others,  a  given  coal  can  usually  be  referred  to  its  approxinuite 
position  without  knowledge  of  all  its  properties.  For  example, 
anthracite  can  be  recognized  and  distinguished  from  all  the  other 
classes  by  its  physical  apj)earance,  by  the  way  in  which  it  burns,  by 
the  relative  amounts  of  volatile  hydrocarbons  and  nonvolatile  carbon 
which  it  yields  on  distillation,  and  by  its  chemical  composition. 
Semianthracite  and  semibituminous  can  not  as  a  general  thing  be 
J/sf//]^^uishe(l  from  each  other  Uy  their  physical  appearance,  but  they 

"  Comj.ajo  with   pboHphovus  \u  VaUmouV,  \\>^^V  \\Y?Nxi\vv,  c.^VXu^g.  ^vi^\,  v-  WV. 
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can  be  distinguished  by  the  amount  of  flame  and  smoke,  by  the  fact 
that  semianthracite  will  not  coke  while  semibituminous  will  coke,  by 
the  relative  proportions  of  the  products  of  distillation,  and  by  chem- 
ical composition.  Similarly  semibituminous  and  bituminous  coal  can 
not  usually  be  distinguished  by  physical  appearance  or  by  coking 
properties,  but  can  be  distinguished  by  the  length  .of  flame,  by  the 
amount  of  smoke,  by  the  relative  proportions  of  the  products  of  dis- 
tillation, and  by  the  chemical  composition. 

It  can  be  seen  from  the  preceding  paragraph  that  either  the  prod- 
ucts of  distillation  or  the  chemical  composition  suffices  for  the  recog- 
nition and  separation  of  the  classes  of  coal  here  represented. 

The  products  of  distillation  are  usually  determined  as  moisture, 
volatile  matter  or  "volatile  hydrocarbons,"  fixed  carbon,  and  ash; 
and  the  determination  of  them  is  called  a  "proximate  analysis."" 
The  relative  proportion  of  the  products  of  distillation  is  usually  rep- 
resented by  the  quotient  of  the  fixed  carbon  divided  by  the  volatile 
matter,  or,  as  it  is  usually  called,  the  fuel  ratio,  which  is  a  convenient 
index  of  the  classification  of  the  coal.  Fuel  ratios  which  have  been 
in  use  for  the  last  sixty-five  years  or  more  were  made  the  basis  of  a 
coal  classification  which  was  proposed  by  Frazer  ^  in  his  work  for  the 
Second  Pennsylvania  Survey  and  which  has  come  into  quite  general 
use,  though  with  some  modification  of  the  limits  of  the  various 
classes. 

As  originally  stated  by  Frazer  the  fuel  ratios  of  anthracite  ran^jed 
from  100  to  12,  of  semianthracite  from  12  to  8,  of  semibituminous 
form  8  to  5,  and  of  bituminous  from  5  to  0.  The  terms  semianthra- 
cite and  semibituminous,  as  used  in  the  trade,  are  applied  to  coals 
with  somewhat  different  ranges  of  fuel  ratio  than  those  used  by 
Frazer.  Consequently  a  somewhat  different  grouping  has  come  into 
use,  in  which  anthracite  is  recognized  as  having  a  fuel  ratio  above  10, 
semianthracite  from  10  to  7,  semibituminous  from  7  to  3,  and  bitu- 
minous of  various  kinds,  subbituminous  and  lignite  below  3. 

The  chemical  composition  of  coal  is  determined  in  the  form  of  an 
"  ultimate "  or  elementary  analysis.  The  relative  proportions  of 
these  elements,  or  of  some  of  them,  can  then  be  used  to  determine  the 
relations  of  the  various  coals.  These  proportions  are  usually  used  in 
the  form  of  a  ratio,  or  index  of  classification,  such  as  the  ratio  of 
carbon  to  hydrogen,*'  carbon  to  oxygen,  or  some   other  ratio  ^  or 

« Tbl8  temi,  although  weU  enough  understood  for  practical  purposes,  is  somewhat 
misleading,  for  analysis  Implies  a  separation  into  constituents,  yet  the  volatile  matter 
as  obtained  in  a  **  proximate  analysis  **  is  not  a  constituent  of  the  coal,  but  a  product 
of  destructiTe  distillation. 

*  Trans.  Am.  Inst.  Min.  Bng.,  vol.  6,  1877,  p.  430;  Geol.  Survey  Pennsylvania,  Vol.  MM, 
1870,  pp.  128-144. 

*'  CampbeU,  Marius  R.,  Trans.  Am.  Inst.  Min.  Eng.,  vol.  36,  1006,  pp.  324-340 ;  Prof. 
Paper  U.  8.  Geol.  Survey  No.  48,  pt.  1,  1006,  pp  156-173. 

Tarr,  8.  W.,  niinois  Geol.  Survey,  Bull.  3,  1906,  pp.  27-7H.  ^Vto\\\,  VT«i\iVw  v.,  YAv^^^v^\\\\vr 
Geolos7#  y^'  S,  1907,  pp.  225-241. 
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proportion,  involving  in  some  ciiset^  more  than  the  elenientary  com  po- 
rtion of  the  eoaL  None  of  these  schemes  have  been  elaborated  and 
the  exact  boundaries  defined  for  the  classes  of  coal  here  under  consid- 
eration, nor  has  it  yet  been  shown  that  for  these  kinds  of  coal  they  are 
any  improvement  over  the  old  fuel  ratios*  The  fact  is  that  any  ratio 
or  index  of  claasification  is  of  value  only  as  a  convenient  index,  and 
that  a  satisfactory  classification  must  be  based  upon  all  the  praperties 
of  coal  and  on  a  knowledge  of  its  genesis^. 

Variation  in  eharacter. — llie  table  o^  analyses  on  page  84  shows 
that  there  is  considenible  difference  in  the  relative  proportion  of 
fixed  carbon  and  volatile  matter  in  coals  from  the  eastern  and  the 
western  ends  of  the  field;  ii)  tliat  from  the  eastern  end  the  amount 
of  fixed  carlx>n  is  greater  and  the  volatile  matter  is  leas,  and  hence  the 
fuel  ratio  is  greater.  East  of  Carlxin  Mountain,  and  in  tlie  northern 
end  of  the  valley  of  Canyon  ('rcL*k,  the  fuel  ratios  exceed  lU  ranging 
fnan  11.42  to  15.88.  In  the  lower  end  of  the  valley  of  Canyon  Creek 
and  in  the  Upper  end  of  the  valley  of  Clear  Ci*eek,  the  fuel  ratios 
range  from  (1.4*^"  to  1L12*  In  the  lower  part  of  the  valley  of  Clear 
Creek,  and  everywhere  west  of  it,  the  fuel  ratios  range  from  G.64  to 
3.97  or  3.40.** 

The  table,s  of  analyses  on  pp.  86-87  show  somewhat  different  fuel 
ratios,  ranging  in  the  eastern  district  from  12,61  to  19,62,  in  the  mid- 
dle district  from  7,22  to  1L12,  and  in  the  western  district  from  «\61 
to  7.07.  The  fuel  ratios  of  both  tables  thus  show  that  the  coal  is 
anthracite  in  the  eastern  district,  semianthracite  in  the  middle  dis- 
trict, and  semibituminous  in  the  wentern  district. 

The  carbon-hydrogen  ratios  also  sliow  (piite  plainly  the  differences 
in  the  character  of  tlie  coat  of  the  thi-ee  districts.  These  ratios  range 
in  the  eastern  district  from  22.81  to  2540,  in  the  middle  district  from 
l\).m  to  23-21,  and  in  the  western  district  from  15.42  to  22,89,  There 
IS  some  overlapping  of  values,  but  in  general  the  differences  between 
tlie  three  districts  are  quite  plainly  shown.  These  limits  do  not  agree 
very  well  with  the  provisional  limits  suggested  by  Canipbell*'  of 
26  (?)  to  (?)  for  anthracite,  23  (1)  to  26  (?)  for  seirii anthracite, 
and  20  to  2B  (?)  for  semibituminous.  CampbelPs  grouping  of  these 
classes  of  coal  was,  however,  not  based  upon  a  sufficient'  number  of 
analyses,  and  he  suggested  that  the  limits  would  probably  be  changed 
when  more  analyses  were  available. 


*Thls  nampli?  eontalos  24  pet-  ct^di  af  aub,  Cons<^iiept1yp  $lnce  excessive  ftsti  i]BUftll3r 
ippfftrt)  ta  lowe^r  tbe  fuel  ratio,  possible  because  of  the  affinity  of  clay  for  oUy  t^iib- 
Bt&neeH,  thf!  Uext  lower  fuel  ratio  (7,22 1  sbould  pf^i-bapfi  be  regarded  as  tteur  tbe  typloil 
lowi*r   range  of  this  group  of  coals. 

*  Tills  stamp le  (No.  05)  also  contatcsi  un  pxceH«Jve  nnioimt  at  nab  mid  r'onRequenCly  bii» 
an  abnormal  fuel  ratio. 

*  CatnpbeH,  M&rluft  R.^  Tbe  claHfiiQcatlon  of  eoiil^.  Tranii.  Am.  liitti^  MIik  Kng.,  voL 
0(J,   11)06,  p.   340. 
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Carbon-oxygen  rations  fuil  utterly  to  hIjow  imy  unity  of  character 
of  coal  in  either  district,  or  any  marked  difference  between  the  sev- 
eral districts.  The  highest  ratio.s  (54.40  und  MSZ)  are  from  coking 
coals  of  the  western  district,  and  some  of  the  lower  ones  (9.66  and 
14.49)  are  from  coals  whose  other  characters  are  anthracitic. 

The  carbon -oxygen  ratio  is  theoretically  a  good  index  of  classifi- 
cation^ but  it  fails  practically  for  these  classes  of  coals,  because  in- 
complete removal  of  moisture  in  air  drying  has  an  inordinate  effect 
upon  the  ratio,  since  moisture  is  eight-ninths  oxygen,  and  conse- 
quently a  very  little  residual  moisture  can  contain  more  oxygen  than 
the  dr;^  coal  should.  When  we  have  an  accurate  nnd  standardized 
method  of  removing  extraneous  moisture  (and  nothing  else),  then  the 
carbon-oxygen  ratio  should  furnish  an  excellent  index  of  classifica- 
tion of  coal,  but  at  present  its  use  Is  impracticaL 

The  separation  of  the  coals  into  three  gi'oups  (p.  90)  on  the  basis 
of  their  fuel  ratios  is  confirmed  by  the  fact  that  the  coals  of  the  east- 
ern group  show  some  of  the  physical  properties  (p*  81)  and  the  be- 
havior on  burning  (p.  82)  characteristic  of  anthracite,  while  the 
coals  of  the  western  group  have  the  physical  properties,  fiame,  and 
coking  proi>erties  of  semi  bituminous  coal.  The  coals  of  the  interme- 
diate  group  are  soft,  burn  with  a  short  smokeless  flame,  and  do  not 
coke,  thus  agreeing  in  all  their  properties  with  the  semianthracites. 
The  limits  of  these  groups,  as  far  as  could  be  determined  from  the 
present  investigations*  are  shown  tm  PI.  VIII  (pocket),  which  gives 
the  area  and  distribution  of  the  anthracite,  semianthracite,  and  semi- 
bituminous.  Tliose  limits  are  subject  to  revision  in  the  light  of  fur- 
ther knowledge,  especially  where  the  lines  are  drawn  through  regions 
from  which  no  samples  have  been  tested.  It  will  doubtless  be  found 
that  such  lines,  as  far  as  definite  lines  of  separation  exist,  are  sinuous, 
and  that  the  area  of  each  group  contains  outlying  areas  of  the  other 
groups,  AYithin  each  of  the  groups  as  outlined  above  no  regular 
variation  has  Ijeen  noted. 

The  explanation  of  this  geographic  variation  is  to  be  found  in  the 
relation  to  [the  structure.  The  anthracite  occurs  in  a  region  of  great 
structural  complexity  (p.  42),  the  rocks  Iwing  very  closely  folded 
and  much  faulted.  The  coking  coal  occurs  in  a  region  of  simpler 
structure  in  which  the  folds  are  open.  The  semiantliracite  occupies 
a  region  of  intermediate  structural  type.  Distance  from  the  Chu- 
gftch  Mountains  also  doubtless  has  played  a  part  in  the  distribution 
of  the  various  kinds  of  coal,  especially  if  there  have  been  intrusions 
of  large  and  mmierous  igneous  masses  subsequent  to  tlie  deposition 
of  the  coah  Local  intrusions  are  more  abundant  io  the  anthracite 
region,  but  appear  not  to  be  either  numerous  enough  or  large  «nough 
to  have  been  primarily  responsible  for  the  regional  variation  in  the 
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coaL  AThore  such  dikc!i  or  sills  (pp.  TO,  71,  7*^)  have  eome  into  direct 
contact  with  tht^  eoiii  they  have  driven  off  the  volatile  cuiiHtitueiits 
and  transformed  part  of  it  into  a  dense  natural  coke,  as  shown  on  PI. 
IX,  B,  The  effect  of  such  intrusion,  a^^  far  a-s  could  be  judged  from 
the  instances  noted,  was  extremely  local,  the  coal  iTeing  altered  f 
oidy  a  few  inchei?  from  the  contact. 


COKPABISOK  WITH  OTHEB  GOAL, 


1 


It  wa^  stated  above  (p,  Rl)  that  coal  having  all  the  physical  char- 
acteristics of  the  best  anthracite  i^^  known  in  thi*^  r^^anon  onlv  from 

^^  * 

float  specimens  and  from  outcrops  which  have  not  Ixtii  sampled. 
The  physical  propertie,s  of  these  leads  to  favorable  comparison  with 
tho  best  Pennsylvania  anthracite.  Workable  beds  of  such  chnracter 
hav(\  however,  not  l^een  opened  or  -j^ampied,  and  it  i^  nol  known 
whether  they  exist. 

The  samples  of  anthracite,  of  which  analyses  and  tests  arc  given 
on  pages  84-87,  came  from  l)eds  which  do  not  show  all  the  phy.sical 
properties  of  the  best  authriicite.  The  analyses  and  tests  also  show 
that  tliis  coal  is  of  somewhat  lower  degree  of  carlK^nization  than  the 
l)est  Pennsylvania  coal*  It  iSj  however,  an  far  as  chemical  and  com- 
bustion properties  are  concerned,  an  excellent  fuel, 

The  semi  anthracite  is  of  about  the  same  character  as  the  Loyalsock 
or  liernice  i>asiii  coal  of  Pennsylvania. 

The  semi  bituminous  coal  is  very  close  in  composition,  heating 
power,  and  in  most  of  its  other  properties  to  the  Pocahontas  (AVest 
Vir;riiiia)  and  (leorges  Creek  (Miirylaud)  coal  and  to  other  coals  of 
the    Af>pnlachiuii   coul   fields. 

TIh'  fuel  and  commercial  value  of  thew  coals  as  compared  with 
other  coals  witli  which  tliey  may  come  in  competition  are  discus.seil 
under  the  heailin^  of  markets  (pp.  lll-ll!>). 

PR(>SrKL'T[Vl':    MINIXC;    (  itXOlTlONS. 

The  geologic  factors  which  will  affect  the  cost  of  mining  in  this 
regioji  include  l)je  tO]>ogi*apbic  position  of  the  outcrops,  the  steep 
di[>s  iind  com])licalcd  stnicHure,  the  variability  in  thickness  and  the 
possible  lacl<  of  jjcr^istiTicc  of  the  l>eds.  the  friable  rhuiaclcr  of  the 
coah  and  ih*'  nrrurreme  of  cxjilosive  ^ases  and  of  large  amounts  of 
iinilertrrouiid  water.  These,  with  tlie  aihlitioiial  qn(^stii>ii>  of  title  to 
tlie  hnnL  of  <'cM  of  hdair  and  su[i]>lie>,  of  transptotaU<m,  and  of 
markets,  detennin<^  the  possibility  of  profitalile  juiiiing. 

POSITION  OF  THE   COAL. 

The  coal-bearing  rocks  occur  in  regions  of  considerable  relief,  and 

consequently  a  large  amount  of  the  coal  is  above  drainage  level.     A 

large  nuJiiber  of  the  coal  \>ods  vwe  kuown  to  outcrop  in  the  bottoms  of 
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the  valleys,  and  the  dip  is  such  that  all  (if  persistent  for  that  dis- 
tance) can  be  reached  by  tunnels  at  the  level  of  the  valley  floors. 
There  is  no.  doubt  that  enough  coal  can  be  thus  reached  to  support  a 
large  mining  industry  for  a  long  time.  Shafting  or  slope  mining 
will  not  be  necessary  for  many  years,  although  the  later  development 
of  the  region  will  doubtless  depend  on  the  coal  which  is  below  the 
general  drainage  level. 

ATTITT7DE  07  THE  OOAL.a 

The  effect  of  dip,  in  addition  to  that  discussed  above  in  regard  to 
the  position  of  the  coal  beds,  is  chiefly  to  determine  the  method  of 
mining.  Steep  dips  do  not  make  mining  impossible  or  even  exces- 
sively costly.  They  introduce  no  problems  which  have  not  already 
been  successfully  met  in  other  fields. 

The  possible  overturned  folds  and  the  faults  introduce  problems 
the  scope  of  which  can  perhaps  be  determined  Only  by  exploration  of 
the  seams  in  depth.  It  seems  probable  that  there  are  areas  within  (he 
field  in  which,  because  of  these  difficulties,  the  coal  can  not  be  suc- 
cessfully mined.  (See  fig.  1,  p.  42.)  These  must  be  determined  by 
careful  surface  prospecting,  followed  by  either  boring  or  tunneling  at 
critical  points.  The  anthracite  field  is  especially  liable  to  be  affected 
by  these  difficulties,  which,  on  the  one  hand,  will  be  compensated  for, 
in  part  at  least,  by  the  greater  value  of  the  coal. 

PER8I8TEKCS  OF  THE  GOAL. 

Variability  in  thickness  of  the  seams,  especially  of  the  thicker  ones, 
may  be  considered  an  ever-present  problem,  the  exact  magnitude  of 
which  can  be  determined  only  by  underground  exploration.  It  is 
the  current  belief  in  the  region  that  the  seams  will  assume  constant 
thickness  and  attitudes  as  soon  as  they  are  followed  under,  a  heavy 
cover  of  overlying  rock.  Such  is  not  necessarily  the  case.  The 
swellings  and  pinchings  of  the  coal  do  not  depend  on  the  nature  of 
the  surface  of  the  ground,  but  on  the  mode  of  formation  of  the  coal 
bed  and  on  the  structure  of  the  rocks.  Faults  or  breaks  in  the  coal, 
pockets,  and  squeezes  are  just  as  liable  to  be  found  under  the  center 
of  a  uniform  plateau  as  on  the  edges  of  canyons,  and  must  be  deter- 
mined by  the  position  of  the  rocks  in  solid  outcrop  or  by  boring  or 
tunneling,  and  not  by  the  character  of  the  surface  of  the  ground.  It 
is  certain  that  these  variations  will  always  be  a  serious  problem  in 
mining  in  this  region;  but  on  the  other  hand,  it  is  likely  that  they 
will  in  large  degree  be  balanced  by  numerous  areas  of  excessively 
thick  beds  and  by  the  high  fuel  value  of  the  coal. 

*  See  description  of  tbe  structure,  pp.  42-48. 
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PET9I0AL  OOlroinOIl  OF  THE  COAL, 

The  friabilily  of  the  coal,  if  it  persists  beyond  the  zone  of  surface 
weathering,  will  very  seriously  affe<:t  the  market  value  of  the  anthra- 
cit*^*  If  the  anthracite  yiold"^  a  large  proportion  of  slack,  and 
especially  if  it  erushcK  during  transportation,  it  will  be  at  a  decided 
disadvantage  in  the  market.  No  openings  on  the  anthracite  have  as 
yel  Ijeen  driven  lieyond  the  zone  of  surface  disintegration,  so  it  is 
impossible  to  tell  whether  or  not  the  coal  below  the  surface  is  snffi- 
ciently  fimi  to  stand  handling.  In  some  of  the  stream  beds  are  nu- 
merous pieces  of  anthracite  which  are  firm  and  hard,  indicating  either 
that  these  pieces  came  from  fresh  exposures,  whei*e  the  coal  was  not 
softened  and  broken  up  by  frost  and  other  weathering,  or  that  there 
are  beds  which  are  better  than  tho^e  which  have  been  prospected- 
An  opening  driven  to  a  sufficient  depth  on  one  of  the  beds  would 
settle  this  question. 

The  sejiiibituminous  coking  coals,  although  equally  friable,  ai^e 
not  so  seriously  affected  by  this  condition,  for,  as  has  ah-eady  been 
pointed  out,  such  coals  will  probably  be  used  in  part  for  the  manu- 
facture of  coke*  and  when  used  as  steam  oi'  other  heating  coal  they 
will  fuse  and  form  a  solid  muss  as  soon  as  put  in  the  furnace. 

PREBEIfGS  OF  WATSR  AMD  a&e. 

It  is  probable  that  underground  water  will  be  encountered  in  large 
amounts,  o\ying  to  the  abundance  of  surface  water  and  the  deep  frac- 
turing of  the  rocks.  Fortunately,  there  is  a  large  amount  of  coal 
above  the  general  drainage  level,  so  it  will  not  be  necessary  to  resort 
to  shafting  for  a  long  time.  Consequently  the  water,  although  it 
may  be  very  annoying,  will  not  add  materially  to  the  expense  of 
mining. 

Gases  have  been  encountered  in  several  of  the  longer  tunnels  and 
will  have  to  be  considered  as  a  factor  in  the  cost  of  mining.  It  will 
probably  be  necessary  to  resort  both  to  very  careful  ventilation  and  to 
the  use  of  safety  lamps.  Some  legislative  provision  should  be  made 
for  this  before  mining  begins. 

SHIPMENT. 

Tiicrc  is  now  no  available  market  for  Bering  River  coal  and  there 
will  be  nono.  except  in  a  limited  way  for  fuel  at  the  local  settlements 
and  oil  wells,  until  shij)ping  facilities  are  provided. 

The  (juestion  of  transportation  to  the  several  harbors  under  con- 
sideration has  already  been  discussed  under  railway  routes  (pp.  23-24). 
A  modification  of  these  i)roposed  methods  of  shipment  has  been  sug- 
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gested,  which  involves  transportation  of  the  coal  by  shallow-draft 
barges  from  shoal  water  to  wharves  or  anchorage  on  deep,  sheltered 
water.  This  plan  is  possible,  although  it  has  the  disadvantage  of 
interference  by  the  ice  during  part  of  the  winter. 

The  cost  of  shipping  coal  from  whatever  harbor  is  chosen  to  the 
places  where  the  coal  will  be  used  depends  on  a  readjustment  of  exist- 
ing facilities  and  rates.  The  existing  steamers,  although  they  carry 
little  southbound  freight  except  canned  salmon  and  copper  ore,  will 
furnish  no  adequate  facilities  for  the  shipment  of  the  output  of  a 
coal  mine.  When  this  region  produces  coal  on  a  commercial  scale 
it  must  depend  for  shipment  on  special  coal-carrying  vessels.  The 
ocean  rates  under  such  conditions  will  bear  no  relation  to  the  rates 
on  such  commodities  as  the  steamers  now  carry.  Comparison  should 
rather  be  made  with  rates  on  ore  and  coal  on  the  Great  Lakes  and  on 
coal  on  the  regular  ocean  routes. 

MARKETS. 

The  question  of  markets  for  Alaska  coal  is  a  vital  one  in  connection 
with  the  present  activity  in  the  developments  of  coal  lands,  both  in 
the  Bering  River  field  and  elsewhere  in  Alaska.  The  problem  has 
already  been  discussed  by  Brooks  «  and  by  the  writer.^  The  following 
discussion  follows  very  closely  that  in  the  latter  paper,  but  the  sta- 
tistics are  brought  up  to  date  and  the  estimates  revised. 

CONSUMPTION  OF  FUEL  IN  ALASKA. 
AMOUNT    AND    SOURCES. 

The  coal  consumption  of  Alaska  from  June,  1904,  to  June,  1905,  is 
estimated  at  110,000  tons,  derived  from  the  following  sources: 

ConaumiJtwn  of  vual  in  Alaska^  June,  JOO^,  to  June,  190^}, 

Long  tons. 

Local   siiipply   <^2,440 

Imi>ortWl   from   rnitetl   States ^42,728 

Imported  from  foreign  countries,  chietty  Britisli  Columbia  <'j64,  832 


110,000 

It  is  estimated  that  an  additional  amount  of  at  least  137,000  tons  is 
consumed  by  steamers  plying  between  United  States  or  foreign  ports 

"Brooks,  Alfred  H.,  The  outlook  for  coal  mining  in  Alaska:  Trans.  Am.  Inst.  Min. 
Eng.,  vol.  36,  1905,  pp.  683-702. 

*  Martin,  G.  C.  Markets  for  Alaska  coal :  Bull.  U.  S.  Geol.  Survey  No.  284,  1906.  pp. 
18-29. 

^Estimated    (the  available  statistics  being  for   the   calendar  year). 

'  From  table  on  p.  97. 
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and  Alaska.  Tkia  fuel  cuines  largely  from  the  home  ports  of  the 
steamers  or  chiefly  from  Puget  Saund.  The  fuel  of  local  coastwise 
and  river  boats*  is  however,  indudetl  in  the  total  of  llO^OM  ton».  Th** 
total  toal  consumed  in  Alaska  and  on  voyagess^  thereto  is  at  le«i?t 
247,000  long  ton^!. 

This  is  not  iJie  entire  auiouut  of  fuel  used^  for  there  in  a  large  but 
unknown  amount  of  wood  burned  and  over  2,700,000  gallons  of  crudt^ 
|H*tn^lt*iHn  and  700,000  gallons  of  naphtha  were  shipped  to  Alaska 
during  11*06* 

This  coal  is  consumed  approximately  as  follows; 

Uisiribttiwn  of  e*Ml  voikAUm^d  In  Atti^ka^  Juntt  lUQi^  tu  Junt\  1905* 

Towus  and  mines:  L^ongtoos. 

8o«tlieaKteni  Alasfea ^.., ^--«.»  «42. OttJ 

Piidflc  Lou6t  from  Yakut  lit  to  Dutch  Ilnrbar ^___^  «10*OOU 

Beritig  Sea  and  Arctic  t^jost ^-_ .-. «3l,tiOO 

Cauueriesi  aud  tantrery  huwtit^ 

8outIiBai><tt*ni   Alaska,,, .„_.--^-_., .^,. ^^^^.. «5, CNMI 

Tacitic  coii**t  from  Yakutut  to  Cliigi^Lk.- ^__ «  5.  UOO 

RriMtol  Bay_.___,-^_ _. _-^ »12,mm 

S  tea  mors: 

L(x-al  coastwisi^  and   river  steamers    (excludiiij;  can- 
nery  boats) 0  10,  (XK) 

Tuget  Sound  to  southeastern  Alaska &  45,  000 

Puget  Sound  to  Prince  William  Sound  and  Cook  lnlet_   ^  23.  (XX) 

Puget  Sound  to  Nome ^32,000 

San  Francisco  to  Alaska c  ^  qoo 

Hritish  Columbia  to  southeastern  Alaska '' 25.  GOO 

Foreign  ports  to  Nome ^  5.  OOO 


247,  000 


The  bulk  of  the  crude  petroleum  was  used  in  Seward  Peninsula  and 
on  the  Yukon,  while  the  larger  part  of  the  naphtha  went  to  the  same 
re<j:ions.  the  remainder  l)eing  used  on  the  Pacific  Coast.  Almost  all 
of  the  crudo  ])etroleum  and  of  the  najihtha  was  used  for  heat  and 
power,  the  jx'troleuni  under  boilers  and  the  naphtha  in  engines. 

"  I^sJimatod  fiom  ciistonis  reports.     Tlio  individnal  Items  may  not  l)o  oxact,  hut  the  total 
of  these  Items   (  1  H>.(MM>  tons),  as  uMvon  In  the  preeodUiK  tahle,  is  fairly  accunite. 
''  I'roin  (lata  furnisli<-(l  chieily  hy  the  steamshii)  compaulcs. 
'  Computed  from  tonnage  and  horsepower  of  hoats. 
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The  shipments  of  coal  to  Alaska  during  the  last  four  years  are 
shown  in  the  following  table : 

Shipments  of  coal  to  Alaska,  July  /,  1902,  to  June  SO,  1906,^ 


Twelve  months  ending  June  30— 

1903. 

1904. 

1905. 

1906. 

Long 
tons. 

Value.b 

Long 
tons. 

Value.6 

Long 
tons. 

Value.6 

Long 
tons. 

Valuf.'' 

Domestic  anthracite 

20 

56,120 

65 

«276 
255,841 

288 

5 

42,245 

478 

10 

59,272 

«85 

187,352 

4,281 

148 
260,110 

Domestic  bituminous... 
Domestic  coke 

41,704 
392 

$193,740 
2,251 

67,293 
346 
804 

41,481 

$265,017 

3,67rt 

1, 8:^6 

187, 31'J 

Foreirn  anthracite 

Canadian  bituminous . . 
Other  foreign  bitumin- 
ous  w 

54,072 

216,089 

63,652 

1,909 

• 

3,324 

261,987 
7,303 

23, 9W 

Foreign   bituminous, 
shipped    via    United 
States 

40 

350 

5,560 

29,673 

706 

4.  SHM 

Total 

110,817 

472,844 

110,981 

489, 185 

107,580     481,657 

110,130 

462. 70y 

•Commerce  of  the  noncontiguous  territory  of  the  United  States,  Bureau  of  Statistics. 
1903,  1904.  1905,  1906. 
^At  port  of  shipment. 

An  increase  in  the  consumption  of  coal  is  to  be  expected  from  the 
present  rate  of  development  of  the  region  and  from  the  initiation  of 
new  enterprises,  such  as  the  building  of  railroads  and  smelters. 
These  factors  of  increase  will  act  directly,  in  the  fuel  actually  con- 
sumed by  such  enterprises,  and  indirectly  in  the  stimulus  to  trade  and 
the  increase  in  population  which  will  result.  Neither  of  these  diirct 
factors  will  be  large  at  first.  A  few  small  mines  along  the  railroads 
will  supply  all  the  fuel  which  they  will  consume,  while  all  the  cop- 
per ore  produced  in  Alaska  in  1906  could  be  smelted  with  less  than 
6,000  tons  of  coke.  These  items  will,  however,  probably  both  increase 
very  rapidly  and  must  be  considered  very  important  factors  in  the 
development  of  local  industries.  Mines  situated  on  the  coast  or  hav- 
ing tide-water  connections  will  probably  be  able  to  supply  a  lar<rt' 
part  of  the  bunker  coal  consumed  on  both  local  steamers  and  thosc^ 
from  the  United  States  and  foreign  ports.  This  now  amounts  to 
147,000  tons,  divided  as  is  shown  in  the  table  on  page  96. 

Mines  shipping  first-class  coal  from  ports  on  Controller  Bay  or 
Prince  William  Sound  should  be  able  to  secure  immediately  half  or 
possibly  all  of  the  patronage  of  steamers  running  to  Prince  William 
Sound  and  Cook  Inlet,  provided  the  prices  are  right.  A  large  i)r()- 
portion  of  the  patronage  of  the  other  Alaska  steamers  can  probably 
be  secured  by  shipping  the  coal  either  to  the  Alaska  termini  of 
21803— Bun.  335—08 7 
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these  lines  or  to  Piiget  Sound  or  San  Francisco.  The  aggregate  ton- 
nage of  Alaska  steamers  which,  according  to  the  reports  of  the 
Bureau  of  Statistics,  was  increasing  at  the  rate  of  6  per  cent  per 
annum  from  1903  lo  1905,  increased  17  per  cent  from  1905  to  1906. 
A  rapid  rate  of  increase  may  be  expected  in  the  future. 


COMPETrTIOK  WITH  PETE-OLEUli, 


The  question  of  tho  competition  l^etween  coal  jind  petroleimi  very 
seriously  affects  the  possibility  of  developing  an  important  coal-min- 
ing industry  in  Alaska.  The  ns*?  of  petroleum  has  already,  to  a  large 
degree,  stopped  the  mining  of  coal  on  the  Yukon  for  the  river  steam- 
ers and  has  driven  out  part  of  the  imported  coal  used  botli  there  and 
in  other  parts  of  Alaska,  It  has  also,  to  a  large  extent,  driven  the 
Washington,  Oregon,  and  Britisli  Columbia  coals  fn.>m  the  Sun  Fran- 
cisco market,  thus  spoiling  what  might  otherwise  be  a  very  important 
market  for  Alaska  eoaL 


t:Bi£  tw  rtrmoLEUM  itt  ax^abka. 


The  importation  of  jx'troleinn  and  its  fuel  products  into  Aiadca  is 
^hown  in  the  following  table: 


shipmentu  of  petrofeurn  in  .Ua^kn* 


Crud^  FietroLctitQ. 


DaIIqiii^. 


Six  months  ending- 
December,  iin/j , zijm 

June.  1903 ,.,,..., NaOOU 

December,  VM'A .„ l,(iikK*()lKJ 

June,  1904  ...._,,,.,___. ._...... l,U*w,400 

December,  1<hj4...... 1,008,  EMI 

June.  1905 , l,7sli,t!2Ji 

December,  i\*\ i'i„ ^X\ UHO 

June.  1906 l.^miWLl 

December,  lMi6**... l,atWJtti 


NiiphOiitss. 


Hatrelfi,  '   VttiUf-      Gallon;^.      Valuta.. 


rm 

1390 

20,000 

'28,  Oft) 

^1,000 

3§,0(M> 

21,010 

ai.^-jii 

24,0G1 

sa.tioa 

12,^^ 

ft'l'm 

J2,2m 

m,m 

y4.oo2 

aO,400 

;(l>,OQU 

i«,aw 

60,aiiH 

n^,  m 

'^0.1^7 

3a,B31 

M,  77<S 

38,  t^ 

2Sl,iN.^ 

43,ftl4 

iw.tiaa 

AW>I 

43S,1% 

73,1S7 

"JH.3tlO 

34.7^1 

aBl,fi81 

fiO.  lU 

2lS,2tl7 

10,4^ 

'Monlhlj  summary  of  commerce  -Aud  finance.  Bureau  of  Statistics,   IDOH-IOOO. 
KFl- K(  T   OF    (  ALIFORNIA    PETKOI.EUM    Olt    PACIFR'   COAST    COAL   TRADE. 


It  is  l)elievo(i  l)y  many  that  tlic  coal  iiKhistrv  cm  the  Pacific  coast 
^vill  not  be  al)le  to  survive  this  competition,  but  tliat  California  petro- 
ItMini,  because  of  its  lower  cost,  will  ultimately  displace  coal  in  all 
uses  to  which  petroleum  is  applical)l(\  The  statistics  contained  in 
the  following-  table  will  slied  some  liglit  on  this  subject: 
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Relation  of  production  of  petroleum  to  output  and  price  of  coal  on  the  I*  act  fie 

coast. 


ITear. 


Production  of  coal  on  the  Pacific  coast  (short  tons.) 


PioduciloD 

of  pet»)l- 

eucn  in. 

CHlifomiji  I 


rjiUfonita.  ^ 


Oregon,  t' 


WfushlrigCon.' 


I  T<itii]  Fa- 
Van  coil  ver!  ciflc  cijasl 

^  j    tion.f 

Amount.  »J^-^i     Amount,    ^^^ '  AmDimt     AniMUitt, 


U4:M,  112  ' 

;;,  029,881 
2,174,093 
a,  578,217  ; 
2h«H1,214 
3,1^,273  I 
3.1^. fist 
UW>4.e2ft  J 
3,27fl.lftl  I 


3.00  I 
1,62 
IJ'l 
1.09 

1.79 


1,068,045 

1,019.390 
IfSGS.l&l 
1,347,583 
l,ft4(»,379 

1,14^HS7 
1,S89,»e3 


a,3aH,fi9r> 
a,37^*,ft3M 

3,aiTt).ll2 

4,2rii,0H 
4,3i7.U7X 
4,L*2i>.ll:il 
4,3f»:4jrjH 
4,17:191*0 
4,  ltir\  mi\ 
4,720,588 


«  Mineral  Resources  TL  S.  for  1906,  U.  S.  Geol.  Survey,  1007.  p.  8H1. 

»Idem  for  1905   (1906),  pp.  554-556;  for  1906   (1907),  pp.  6.5.3-654. 

•^  Idem   for   1905    (1906),   pp.   651-652;   for   1906    (1907),   pp.    707-708. 

•Tdem  for  1905    (1906).   pp.   689-691;   for   1906    (1907),   pp.    733-7.S6. 

*Ann.  Repts.  Minister  of  Mines,  British  Columbia. 

'Computed  from  the  other  items  in  this  table. 

Note. — ^The  price  of  coal  per  ton  as  given  above  represents  '*  spot  value  * 


at  the  mines. 


Variation  in  amount  of  coal  produced  and  used  on  the  Pacific  coast  {short  tons). 


'Wmh' 


tew. 
im;. 

1809 
1699. 
1900, 
1901, 
1903. 
190@. 
I9M. 


Total  Piftclflc  I  ^h  ipmentsof      Ctoal  con- 
eowttpfD-    [conltothePa-  aumedonPa- 
^QCtloui.a      trifle  coast. ft     cific  coast. a 


Coal  con- 
sumed in 
California.  *> 


Coal  con- 
sumed on 

Pacific  coast 
outsi<le 

Calif  ornia.n 


2,1179,  fi^  I 

3p3n0,142 
3,^25,059 
4,'iM,  MA 
4,267,973 
4,229,^1 
4,a.^,  Ih^ 
4,473,090 


510,120 
46ShT27 
421,638 
346.222 
299,9^7 
292,6^ 
306.746 
S68.(H>2 
4fi6,742 
298.039 


2,S3S,2ti7 
3,0tH",Sai 
3,69fl,3fW 
3,925,00(1 
4,.WiK69w 
4,571,719 
4,597,2^4 
4.809,900 
4,772,0Qo 


1,653,520 

1.505,660 

1,601,540  ! 

1,802,373  I 

1.740,027 

1.889,128 

1,834,785 

1,445,598 

1,215,654 

l,ft51,072 


1,2.=>.M95 
1,332,607 
1, 466, 791 
1,89:^,991 
2, 184, 979 
>  2,657,570 
2, 739. 934 
3,151,695 
3,594,a46 
3,720,963 


«  Computed  from  the  other  items  in  these  tables. 

*The  production  of  coal  in   1904   (advance  chapter  from  Min(»ral  Resources  U. 
1904).   if.  S.  Geol.  Survey,  1905,  p.   102. 


S.   for 


During  the  ten  years  (1895  to  1904)  completely  covered  by  those 
tables  there  has  been  an  extraordinary  increase  in  the  output  of  Cali- 
fornia petroleum.  The  production  in  1904  (29,649,434  barrels)  is 
24^  times  the  amount  produced  in  1895  (1,208,482  barrels).  As  tliis 
was  nearly  all  fuel  oil  it  might  be  expected  that  it  would  displace  n 
large  amount  of  coal  and  that  we  would  find,  throughout  the  same 
period,  a  corresponding  decrease  in  coal  mining  and  coal  trade  not 
only  in  California  but  in  the  other  regions  which  supply  California 
with  coal.  The  statistics,  however,  show  that  the  production  of  coal 
in  California  increased  from  1895  to  1900  and  has  fluctuated,  but  on 
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the  ^^'hole  fallen  oti',  sinci*  that.  time.  Th(*  pnM.li(ction  in  Oregon  has 
shown  an  irre^Uar  hnt  qnite  gL^neral  increat^e  during  ilw  ten-year 
ptnioth  The  Waj^hington  mines  have  increased  their  product  to 
almiist  triple,  Vancouver  Ishincl  mines  had  n  not  mucli  greater  ont- 
put  at  the  end  of  the  |>eriocl  than  at  iti^  beginuing.  but  showed  a  rise 
rtnd  !^ubsei|uent  fall  during  the  iuteiTal,  Shipments  fi^oni  Atlantic 
and  oriental  ports  Imve  dei-reased  somewhat  iri'egularly  hut  very 
decidedly  during  the?5t^.  ten  yearj?.  The  amount  of  coal  consnrned  in 
California  has  varied  irregularly;  but  has  on  the  whole  sliown  a 
decided  docrt^ase.  The  amount  of  coal  eon?^miied  on  the  whole  Pacific 
eoast  (iHirth  of  Mexico)  has  increased  from  2,908,715  ton^  in  1895  tu 
4,081, 01 '2  tons  in  1904.  The  increase  on  tlie  Pacific  coast  outside  of 
California  is  even  more  striking,  the  amount  having  risen  from 
1^55495  tons  in  1895  to  8,029^940  tons  in  1904. 

The  price  of  coal  mined  in  California  increafied  during  the  period 
V n I d cr  d i scussiou ,  but  s u bse( j uen  1 1  y  f e  1 1  (19 (If ^ ) .  ( >regoi i  an d  Wasli - 
inglon  coals  decrea^^d  in  value,  although  tiie  price  has  been  rising 
from  1904  to  190(>*  No  figures  are  at  hand  regarding  the  p riches  of 
Varu'onver  Ishmd  or  other  imported  coals. 

The  general  effect  of  the  increa>se  in  [x^troleum  has  been  to  d  em  oral* 
ize  the  San  Francisco  coal  market.  The  gradual  inci"ease  in  oil 
not  put  from  1895  to  1900  was  uccompanied  by  n  very  prospjerous 
condition  of  the  coal  trade  not  only  in  California  but  throughout  the 
coinitry.  After  this  the  output  of  oil  became  so  great  as  to  preclude 
all  possibility  of  competition  by  coal  in  the  oil  territory  except  for 
those  special  usi»s  to  which  oil  can  not  be  applied.  That  is,  coal  was 
forced  to  seek  markets  of  its  own,  which  include,  in  addition  to  the 
special  ones  mentioned  above,  those  districts  in  which  the  relative 
freight  charges  on  coal  and  oil  make  competition  possible.  In  the 
former  the  prite  of  coal  rose  and  the  demand  increased.  This  result 
may  be  attributed  to  the  very  factor  which  in  other  respects  demoral- 
ized coal  trade.  The  increase  in  j^etroleum  out])ut,  furnishing  a 
cheap  and  al)undant  fuel,  stimulated  general  industrial  conditions  and 
thus  increased  the  demand  for  coal  in  its  special  markets. 

The  cutting  down  of  shipments  from  the  other  Pacific  coast  fields  to 
San  r'rancisco  has  resuHcMl  in  ;i  reduction  in  prices,  caused  by  the  at- 
tempt to  c()inj)et(^  w  ith  the  cheaper  petroh^um  and  i)V  th(^  Ii\ely  c()ni])e- 
t  it  ion  of  the  coal  mines  among  themsehes  in  attempting  to  (K^xclop 
and  control  new  markets  lu^arer  h()m(\  'i1iey  have  been  succ(*ssful  in 
their  home  markets,  as  may  i)e  seen  by  the  great  incrt^ase  (*JS!)  j)c'i' 
cent  )  in  consumption  of  coal  on  tlie  northei'u  Pacific  coast  during  the 
ten  years  tVoni  is^JT)  to  1901.  Thf<  means  a  ]:»rge  increase  in  niann- 
I'acturing  and  other  business  intei'ests.  and  indicMtes  that  tluM'e  i-  ;i 
>ui)stantial  i)ermanent  increase  in  the  demand  for  coal,  which  h(d})ed 
cuiisv  tlic  lately  increased   price  and  production  and  which,  barring 
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overproduction  or  an  unlooked-for  invasion  of  petroleum,  should  lead 
to  a  continuation  of  the  upward  tendency  in  prices. 

CAPABILITY  OF  COAL  TO  COMPETE   WITH   PETROLEUM. 

The  following  factors  determine  the  possibility  and  result  of  compe- 
tition between  coal  and  oil: 

1.  Relative  adaptability  of  coal  and  oil  to  the  special  use  under 
consideration. 

2.  Relative  efficiency  of  oil  and  coal. 

3.  Relative  prices  as  determined  by  cost  of  production  and  freiofht. 

4.  Supply  available. 

Relative  adaptahility, — The  factor  of  relative  adaptability  deter- 
mines the  special  markets  for  coal  and  for  oil.  In  each  of  these 
markets  the  other  fuel  can  not  compete  at  any  price.  The  Bering 
River  coal,  like  some  of  the  other  Alaska  coal,  is  of  such  quality  that  it 
is  especially  suitable  for  use  as  a  domestic  fuel.  As  such  it  should  find 
a  widespread  market  along  the  Pacific  coast,  selling  at  a  high  price 
in  San  Francisco  and  the  California  oil  fields.  Competition  with  oil 
will  be  slight,  at  least  until  improvements  are  made  in  the  methods  of 
burning  oil.  Competition  with  other  coals  will  be  considered  in 
another  place  (pp.  106-112). 

The  coal  from  the  western  end  of  the  Bering  River  field  will  pro- 
duce a  good  quality  of  coke  and,  for  this  purpose,  the  coal  will  not 
come  into  competition  with  petroleum,  but  should  sell  independent  of 
the  presence  and  cost  of  oil,  the  price  being  determined  solely  by  com- 
petition with  other  coking  coals.  The  present  increase  in  steel  and 
smelter  industries  will  make  great  demand  for  such  coals. 

The  Bering  River  field  will  also  furnish  a  high-grade  blacksmith 
coal.  Petroleum  will  not  compete  for  this  purpose.  In  fact,  the  oil 
fields  of  the  Pacific  coast  will  themselves  constitute  one  of  the  most 
attractive  markets,  and  any  extension  of  the  oil  fields  will  create  new 
demand  for  blacksmith  coal.  The  present  supply  of  such  coal  on  the 
Pacific  coast  is  practically  all  brought  from  the  east  at  great  cost. 

It  does  not  seem  practicable  at  present  to  adapt  petroleum  to 
general  naval  use.  Petroleum  will  consequently  not  compete  with 
Alaska  coal  in  this  market.  Much  of  the  Bering  River  coal  is  of 
such  quality  as  to  make  it  especially  suitable  for  use  on  warships  or 
wherever  a  high-grade  smokeless  steaming  coal  is  required.  The  only 
effect  which  petroleum  has  at  present  in  this  market  is  to  render 
other  coal  available  for  competition  and  thus  indirectly  to  reduce  the 
selling  price.  If  naval  architects  succeed  in  solving  the  structural 
and  storage  problems  which  at  present  keep  petroleum  from  beiii^ 
used  in  this  way,  present  conditions  will  be  changed,  for  petroleum 
has  many  advantages  over  coal  for  this  use. 
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RelttUtu'  effrrienfy  of  roal  atid  oiL — Thp  factor  ui  rclati^'e  efficiency 
iH  cleterniined  primarily  by  the  quality  of  the  coal,  the  fuel  value  of 
p<*trole!im  being  more  nearly  eonstant. 

Th(»  I'nitec!  States  Naval  ''Liquid  Fuel"  Board  has  obtained  the 
following  rtssiilti^  from  tests  with  the  Huhensteiii  marine  water -tube 
boiler: 

EQUimtent  tvaportjtiun  /mm  and  at  212''  F.  per  pound  of  rAtJ* 


Ikmtimont  ipetroloiini  {avx*mge  f>f  47  tests)  _^^ 


^^ ^-^ 12.51 

CiUlftiruhi  i>trtrok*uni  (iivrniK**  of  2<)  testB) .^__. ^^_^_^^^ ILST 

MEJlliire    (dregs)    of  lk*iiuuRnU   luul    Cjilifornla   pt^rolmim    (avim^gi^  of 
2  tests)-, . ^_ __^  ii,5:i 

I'MfjuiVQlfjfU  evapomHon  from  ftttd  ttt  itt''  K  /mt  pound  of  cotil  o*  Jtred.^ 

POQTldS. 

rtR'nlioiilUH  I'liiii.  f\tn  r^r  mijiL*  tnvtTUgt*  of  l«*Btii  1  to  3),, ^-_  S. tiT* 

l*m'flh(>nt«s  t'ojil,  mil  of  mitu^  Mivonij:*?  of  t<*!Sta  4  to  0),,_^.^, ._ 9,40 

NVw  niv't*r  toil  I,  i^Mij  of  iiuue  (jiverajie  of  teMs  7  to  9)^__^__^ .^  Si.  37 

Pocalumtns  iojU.  Jmnd  pleKc^il  anil  screened  (avenige  of  teBtslOtol7)^,_-  n.3ii 

Frcuji  viivU  t'jui  tif  hug  nt  cmil  thnt  wiis  brought  Ijito  tUe  lirerooio  a  ?q>ec1iuei) 
wuM  Uiki*ii  nut]  ro\hxHiH\  iu  a  box,  flu  thxit  tbere  e*mld  be  foi-wardtHl  for  an«l>iii» 
!i  fnlr  siinij^lir*  i>f  HiP  fiiH  naefl. 

'J'lie  following;  tjihlc  j^'ives  tho  result  of  the  annlyses  of  samples  of  each  lot  of 
coal.     'J'iie  analyses  were  made  by  the  chemist  at  the  New  York  Navy-Yard  :'" 


Andh/scs  of  ((kU  used  in  com  pa  rat  ire  fuel  tests. 


Moisture. 


Volntile  Fixed 

mutter.         carbon. 


I'ocjihontas  eortl.  run  of  mine. 

used  in  tests  1  to  3 

I'ocaliontas  coal,  run  of  mine. 

used  in  tests  1  to  6 

New  llivcr  coal,  run  of  mine, 

use<l  in  tests  7  to  y 

l'ocah(»ntas  eoal,  lumd  pieked 

and  screened,  u^ed  in  tests 

lU  to  17 ^ 


17.61  I 
iy.53  j 
21.79  I 

iy.C2  I 


73.  30 
7.').  78 
72. 99 

76.  81 


A,sh. 

Sulphur. 

8.60  * 

0.48 

3.90 

.71 

4.73 

.46 

2.  S-1 

.73 

Fuel 
ratio. 


4.  It; 

3.  NS 
3.  LC. 

3.91 


("arhon.      ^^ ;'{[**'     Oxygen.      ^Jl]'''      Sulphur.!      Ash.         H.  t.  u. 


l'ocaliiintn>  coal,  run  of  niiiir, 
u^ed  in  tcMs  1  to;; 

i'ocalioiitas  n.al.  iMiii  ot  iiiiiic. 
uvcd  in  le-l-  4  loii 

.New  Ivivcr  cnjil.  run  oi  mine, 
u-.'d  in  t(-t>  7  I<.'.^ 

l'..calionta-<'oill.liaud  picked 
and  screened,  n>-cd  iu  tc<ts 
10  to  17  


;;.  .s9 
1.07 
4.  s:. 

1.  1^ 


4.  12 
.■).  4H 
4.S7 

i.r.o 


0.04 
.90 
1.41   I 

1.  14 


0.  19  I 
.71   I 

I 
.82  i 


8.60 
3.90 
4.81 

3.  ir> 


1  I.Ot.T 
14.r>34 
14.  Ml 

1  i.  i^2 


"  kept.   r.   S.   Naval     •  l.iuuid    I-'ud  "•    P.oard.    i:t04.   i.p.   2'»0    252. 
'■(>|).    «il..    p.    '>-. 
•  (»i..   tit.,   p.    lo. 
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The  following  conclusions  are  stated  in  the  report : " 

The  relative  evaporative  efficiency  of  oil  and  coal  as  a  fuel,  as  determined  by 
this  extended  series  of  comparative  experiments,  is  practically  in  the  propor- 
tion of  15  to  10.  The  actual  superiority  of  oil  will  be  considerably  greater,  for 
in  the  coal  experiments  unusual  skill  was  exercised  in  the  management  of  the 
fires.  Lump  coal  of  superior  quality  was  used ;  and  as  the  tests  with  coal  were 
of  comparatively  short  duration,  the  resulting  loss  from  cleaning  fires  was 
much  less  than  would  occur  in  actual  service.  The  oil  experiments,  however, 
were  carried  on  under  conditions  that  more  closely  approximated  those  that 
could  be  secured  on  board  the  sea-going  vessel.  The  actual  evaporativt* 
efficiency  of  a  pound  of  oil  as  compared  with  a  pound  of  coal  will  therefore 
be  in  the  ratio  of  17  to  10,  and  these  figures  can  be  regarded  as  substantially 
correct 

♦  ♦  »  ♦  *  *  * 

In  noting  the  comparative  economical  efficiency,  for  naval  purposes,  of  oil 
and  coal,  there  must  also  be  taken  into  consideration  the  fact  that  a  ton  of  oil 
can  be  stowed  in  somewhat  less  space  than  a  ton  of  bituminous  coal.  Then, 
again,  it  must  be  considered  that  in  the  carrying  of  the  oil  the  compartments 
can  be  more  completely  filled.  The  relative  efficiency  of  oil  and  good  steamiiis; 
coal  from  the  naval  standpoint  of  fuel  sui  ply  in  war  ships  may  thus  be  re- 
garded as  in  the  ratio  of  18  to  10. 

It  was  found  by  comparative  tests  of  coal  and  oil  on  the  steamship 
Alameda  between  San  Francisco  and  Honolulu  that  the  efficiency  of 
equal  weights  of  oil  fuel  and  a  mixture  of  British  Columbia  and 
Australia  coal  was  in  the  ratio  of  1.42  to  1,  or  that  1  ton  of  coal 
equaled  4.10  barrels  of  oil. 

The  following  quotations  will  show  the  relative  values  of  various 
coals  in  comparison  with  petroleum: 

Tests  have  proved  that  1  pound  of  California  petroleum  used  on  a  passenger 
locomotive  evaporated  10.96  pounds  of  water  from  and  at  212°  F.,  as  compared 
with  7.14  pounds  of  water  under  like  conditions  evaix)rated  by  1  pound  of 
Comox  bituminous  coal,  or  4  barrels  of  oil  did  the  work  of  1  ton  of  coal.  This 
is  rather  below  the  results  attained  by  other  tests,  which  in  many  cases  showed 
that  from  Z\  to  Z\  barrels  of  petroleum  did  the  work  of  1  ton  of  coal.^ 


Comparismi  of  petroleum  with  rariouff  eoalsS 


CombiLstible. 


Petroleum,  IS®  to  18°  Baum4. . . 

Cardiff  lump,  Wales 

Cape  Breton,  Canada 

Nanaimo,  British  Colimibia  . . . 
Cooperative,  British  Columbia. 

Oreta,  Washington 

Carbon  Hill,  Washington 


Barrels  of 

1 

Pounds  of 

petroleum  re- 

Cost of  coal 
per  ton  to 
eaual  petro- 
leum at 
?1  per  barrel. 

Less  10  per 

water  evapo- 

quired to  do 

cent,  owing 

rated  at  212° 

the  same 

to  the  greater 

F.  per  pound 

amount  of 

economy 

of  com- 

evaporation 

in  handling 

l?ustible. 

as  1  ton  of 
coal. 

petroleum. 

16.0 

10.0 

4.0 

$4.00 

$3.60 

9.2 

3.7 

3.70 

3.33 

7.3 

2.9 

2.90 

2. 61 

8.9 

3.6 

3.60 

3.24 

7.6 

8.0 

8.00 

2.70 

7.6 

8.0 

3.00 

2.70 

•  Op.  cit,  pp.  417-418. 

*  Oliphant,  P.  H.,  The  production  of  petroleum  in  1901 :    Mineral  Resources  U.  S.   for 
1901.  U.  S.  Geol.  Survey,  1902.  p.  583. 

«  Oliphant,  F.  H.,  The  production  of  petroleum    In  1903    (separate  from  MVu^t^V  \\^ 
■oorcefl  U.  8.  for  1903),  U.  S.  Geol.  Survey,  1904,  p.  170. 
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The  following  t^Htimates  have  been  gathered  froai  varimis  acmrces: 

BQtiit7a(t'nt  in  priroleum  of  1  inn  of  varifius  coals, 

BarreU  of 

pDcalioiitfls  eoftl  ^---- ___.^__-_-. .^ , . _^_ .^ ._  4.5 

GviiY^i^ti  Cre^fc  coijj . ^^-^^ - ,_  4.3 

Pitthinirt:  t.*Qnl  .    ^ ^-^-^ .^____ _^,,^^. , 4M 

Nauftiiint  <^fnil ^_^_^*^ _^^^_^^^__ ,___^_^,^_^* ,_  3^ 

Cfirbon  Hill  coaX  ^^^^.^ ,* * ^ ^^^^^ 2,7 

Tli<*re  is  some  variation  in  tlie  values  given.  This  may  he  aHcrilied 
in  purt  to  diflVrt'nci^s  iji  quality  bet^^epn  difiVrent  parts  of  the  name 
tield,  in  part  to  ditierenr-es  in  the  efficiency  of  tlie  boilers,  in  part  to 
diflerenccfi  in  valne  of  various  petroleums,  and  in  part  to  errors. 

Tln^re  is,  howevc*r,  no  donbt  tlnit  a  hwgv  part  of  the  Bering  River 
coat  is  of  such  high  gi-ade  that  a  ton  of  it  will  eiiual  at  least  4  barrels 
und  ])robai>ly  4.5  or  more  barrels  of  California  oil. 

Th4*se  figures  are  all  based  on  the  relative  efficiency  of  coal  and 
petroleum  when  used  tvith  a  st^ani  engine.  The  values  representing 
the  relative  efficiency  of  these  fuels  when  nsed  with  a  gas  engine,**  or 
for  direct  heat  {as  in  roasting  or  smelting,  or  in  a  stove),  might  be 
very  ditferent. 

Relative  prwea, — It  is  impossible  to  here  make  any  definite  estimate 
of  the  cost  of  ]>roflncing  and  shipping  Alaska  eoah  tt  would  seem, 
howevor,  that  it  sliould  not  be  much  in  excess  of  the  cost  in  nuiny  other 
western  mining  districts.  It  is  reasonable  to  assume  that  with  pro])er 
uuinageuu'nt  it  could  be  reduced  below  the  present  selling  price  on 
Vancouver  Island. 

Freight  rates  from  leering  River  mines  to  tide  water  ought  not  to 
be  excessive,  aud  ocean  rates  from  Alaska  to  Puget  Sound  or  San 
Francisco  should  be  very  low. 

The  price  of  California  crude  j^etroleum  at  the  wells  ranged  in  1904 
froui  17^  cents  to  $2  per  barrel,  depending  both  on  local  and  tempo- 
rary differeuces  in  supply  and  demand  and  on  differences  in  quality. 
The  average  |)rice  was  about  !i<S  cents  ])er  barrel,  as  compared  with 
?^()  ('(Mits  in  11)0.').  The  cost  per  barrel,  delivered  at  San  Francisco,  was 
from  $1.40  to  $1.50  iu  1904. 

These  prices  in  erpiivalents  of  Puget  vSouud  coal,  estimating  1  ton 
of  coal  as  ('(pial  to  '>  l)aii'els  of  oil.  are  as  follows: 

rctrolcnni  :it  ."i^O.l^r*  ]km-  bniTcI  "  coal  at  i<0..*5Tr>  jht  ton. 

rctrolcuni  at  .i^n.i's  in.i-  bari'cl  ^  coal  at  SO. St     jtcr  ton. 

Petroleum  at  )>1-40  per  l»arrcl  ~ coal  at  Jt^l.lMj     ]km'  t<Mi. 

I*ctr(tlcuni  at  Sl.oO  jxt  barrel       coal  at  Jj^l.oO     i»er  ton. 

'!1ie  coal  NaliK^s  will  be  about  1^5  to  .'>.'>  per  cent  greater  for  the  best 
Peiiiig  l\i\-er  coal.     They  sliow  tluit   it  is  iin|)ossil)le  for  any  coal  to 

"  Sr»>  iii-oIiniin;ii-y  r.'poiT  on  tli(>  oix-iat  ions  ..f  Iho  conl-lost  iiii;  i»l;»iit.  etc.:  Uull.  V.  S. 
<iri,i    Siirvi^y    \().    LM;1.    UM):».   pp.    \('k   it,   sr.    tL'O. 
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compete  with  fuel  oil  in  those  districts  where  oil  has  the  advantage  of 
transportation  rates.  It  is  possible,  however,  that  rates  to  San  Fran- 
cisco might  be  made  such  that  coal  and  oil  can  compete.  There  ought 
to  be  lively  competition  north  of  San  Francisco  if  the  cost  of  mining 
and  shipment  of  coal  is  reduced  to  a  minimum. 

Aimildble  supply. — It  is  not  likely  that  either  petroleum  or  coal 
could  be  produced  on  the  Pacific  coast  in  suflScient  amount  to  sup- 
plant the  other  without  soon  proving  inadequate  to  the  demand,  in 
which  case  there  would  be  an  advance  in  price  and  consequent  reopen- 
ing of  competition. 

The  following  conclusions  ^  are  of  interest  on  this  point : 

Careful  consideration  has  been  given  the  question  as  to  the  supply  of  crude 
petroleum  in  the  United  States  available  for  fuel  purposes.  This  matter  has 
been  specially  investigated  by  Prof.  Arthur  L.  Williston,  of  the  Pratt  Institute, 
Brooklyn,  N.  Y.,  who  reports  as  follows : 

"  The  supply  of  oil  which  is  available  for  fuel  in  the  United  States,  therefore, 
is,  first,  the  small  percentage  (probably  not  over  2  or  3  per  cent)  of  the  total 
production  of  the  Pennsylvania  and  Ohio  oil — the  residuum  from  the  process  of 
refining;  second,  crude  oil  from  the  Ohio  and  Indiana  fields,  wherever  the  price 
of  coal  makes  the  burning  of  oil  at  95  cents  or  $1  per  barrel  (plus  freight)  profit- 
able; third,  those  i)ortions  of  the  California  oil  which  are  not  best  suited  for  re- 
fining; fourth,  practically  the  entire  output  of  the  Texas  field.*' 

The  demands  for  the  better  grades  of  oil  for  refining  purposes  will  probably 
keep  pace  with  its  production ;  consequently  we  can  never  expect  to  see  such 
grades  of  oil  compete  with  coal  to  any  large  extent. 

On  the  other  hand,  the  refining  value  of  the  Texas  oil  and  much  of  the  Cali- 
fornia oil  is  so  low  that  its  value  will  probably  always  be  largely  controlled  by 
the  demand  for  it  for  fuel  purposes.  It  is  inconceivable  that  a  fuel  which  has  so 
many  distinct  advantages,  and  which  is  not  unlimited  in  its  supply,  should  sell 
in  all  markets  at  a  price  which  would  make  it  cheaper  to  burn  than  coal.  Any 
great  demand  for  such  a  fuel  would  bring  its  price  up  at  once. 

On  the  other  hand,  so  long  as  there  is  an  assured  supply  of  Texas  and  Cali- 
fornia fuel  oil,  the  price  of  such  oil  that  has  little  intrinsic  value  for  refiniu};, 
will  probably  remain  low  enough  to  enable  it  to  compete  successfully  with  coal 
in  those  regions  where  coal  is  scarce  in  quantity  and  poor  in  quality.  And  the 
area  in  which  this  condition  exists  is  sufficiently  wide  to  create  a  demand  for 
the  fuel  oil  that  will  soon  equal  the  supply,  unless  further  stores  of  oil  are  found 
as  the  demand  for  it  increases. 

The  fact  should  be  remembered  that  in  every  region  there  is  with  each  suc- 
ceeding year  a  progressive  proportionate  increase  in  the  i^ercentage  of  the  yield 
consumed  for  illuminating  purposes. 

The  petroleum  output  of  California  in  1904,  which  was  more  than 
one- fourth  (25.33  per  cent)  of  the  production  of  the  United  States 
and  over  12  per  cent  of  the  entire  production  of  the  world,  is  the 


«Rept.  U.  S.  Nfivnl  "Liquid  Fuel"   lioanl,   1004,  p.  410. 
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e<Juivalent  of  onl^^  LT  or  13  times  the  coal  then  burned  on  the  Pacific 
mn'^x  of  North  America  alone.  In  1906  the  consuraption  of  fuel  oil  in 
California  exceeded  the  production  in  that  State.«  It  would  appear 
from  this  that  the  supply  of  fuel  petroleum  must  increase  very  much 
l>efure  it  will  tie  po^^ible  for  petroleum  to  make  much  greater  in- 
roaris  into  the  cxjal  market  without  idtimately  causing  a  reactionary 
!ul Vance  in  prices.  Such  nn  increase  froui  the  pi'esent  producing  oil 
fields  iy  not  probable, 

OaXFSTITlOJr  WITH  OTESB  QOAL. 
ALASKA    COAL. 

There  ai'e  many  districts  in  various  parts  of  ^XJaska  which  may  pro- 
duce coal  either  for  local  use  or  for  shipment.  It  is  important  to  con- 
si  der  all  of  these  because^  while  only  those  which  possess  coal  of  the 
best  quality  could  compete  with  Bering  River  coal  in  outside  markets, 
most  of  them  must  be  regarded  as  possible  sources  of  lo<Al  supply,  and 
may  thus  restrict  the  market  which  the  better  coal  can  reach. 

The  writer  has  recently  published  a  brief  summary  ^  of  existing 
knowledge  of  Alaska  coal,  which  havS  been  extensively  drawn  upon 
in  the  preparation  of  the  following  pages, 

Dktrihutmn  and  area.^T\m  distribution  of  the  coal  fields  of  Alaska 
is  indicated  on  the  map  (PI.  X),  which  shows  (1)  known  areas 
of  workable  thickness  of  high-grade  coal  (anthracite  and  semi- 
bituminous)  ;  (2)  known  areas  of  workable  thicknesses  of  lower- 
grade  coal  (bituminous  and  subbituininous)  ;  (3)  known  areas  of 
workable  lignites,  and  (4)  areas  of  coal-bearing  rocks.  The  last 
includes  those  areas  which  are  known  to  contain  some  coal  but  in 
which  beds  thick  enough  to  be  mined  have  not  yet  been  discovered, 
areas  in  which  coal  luis  been  authentically  re])orted,  but  concerning 
which  detailed  information  is  lacking,  and  areas  in  which  the  char- 
acter of  the  rocks  is  similar  to  that  in  neighboring  coal  fields  and 
where,  consccjuently,  the  occurrence  of  coal  is  to  be  expected.  These 
statements  aj)ply  also  to  the  table  of  areas  given  on  p.  107.  The  areas 
maj)pe(l  as  "  coal-i)earing  rocks  *'  are  conse(iuently  not  well  defined 
and  must  be  ivgarded  as  sui)ject  to  considei"al)le  changes  by  subse- 
(jucnl  c.\])loration.  They  ar(^  intended  to  indicate  the  regions  in 
wliicli  new  discoseries  of  coal  seem,  in  the  light  of  our  present  knowl- 
edge, to  be  most  prol)able.  The  extent  of  the  \arious  areas  noted 
al>ove.  as  well  as  the  area  of  each  individual  coal  field,  is  shown  in 
the  following  table,  which  gives  ;i  total  of  at  least  1,238  square  miles. 


"  Criswold.   W.  T..   ^niieral    I^esources   I.   S.    for   lOOtl.    V.   S.  (leol.    Survey,   1907,  p.  827. 
''Mjirtin.    <;.    ('..    Tlio   Alaska    c-(.al    Holds:    Hvill.    V.    S.    Oool.    Survey    No.    814,    1007,   pp. 
40-10. 
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or  792,320  acres,  of  known  workable  coal,  and  12,576  square  miles, 
or  8,048,640  acres,  of  "  coal-bearing  rocks :  " 

Areas  ^  <>/  Alaska  coal  fields. 


[Square  miles.] 


Anthracite: 

Bering  River 

Matanoska  River . 


Semibituminous: 

Bering  River 

Matanuska  River . 
Cape  Lisbume 


Bituminous: 

Matanuska  River 

Alaska  Peninsula ,-> . 

Yukon  Basin 

Cape  Lisbume 

Anaktuvuk  River 


Total  anthracite  and  bituminous. 

Lignite: 

Southeastern  Alaska 

Cook  Inlet  region 

Southwestern  Alaska 

Copper  River 

Yukon  Basin 

Bering  Sea 

Northern  Alaska 


Grand  total . 


Coal 
areas. 


26.4 
4.2 


30.6 


Areas  h 

M  coal- 

hearing 

rocks. 


1    20.2 

620 

20.3 

14.2 

64.7 

1    22.0 

900 

69.0 

657 

167.0 

2,490 

1    205.0 

1.25,^ 

t     9.0 

68 

4T2.0  I         .5,570 


.  5, 990 


657.3  I 


10.0  I 
304.0 
16.0 


216.0 
62.0 
83.0 


681.0 


60 
2.565 

2U 

1,557 

426 

1,73(1 


6,6m 


1,238.0 


"  The  difference  between  the  areas  given  here  and  those  which  have  been  published  else 
where  is  due  chiefly  to  the  recognition  of  four  classes  of  coal  instead  of  three,  and  the 
consequent  division  of  the  Lisburne  areas  into  semibituminous  and  bituminous  and  of  the 
Yukon  areas  into  bituminous  and  lignite,  and  of  similar  changes  in  other  smaller  areas. 

^  See  explanation  on  p.  106. 

Pacific  coast  region, — The  Pacific  coast  coal  fields  (which  include 
the  Bering  River  field)  are  of  moderate  area  but  of  wide  distribu- 
tion. They  include  both  Mesozoic  and  Tertiary  coals,  having  a  coui- 
plete  range  in  composition  from  a  good  quality  of  anthracite, 
through  high-grade  semibituminous  steam  and  coking  coals  and  ordi- 
nary bituminous  coal,  to  lignites  of  various  character.  The  coal  beds 
are  frequently  of  great  thickness,  especially  where  the  coal  is  of  high 
carbonization,  but  unfortunately  there  usually  goes  with  the  high 
grade-of  coal  and  great  thickness  of  bed  an  irregularity  of  geologic 
structure  unfavorable  to  mining  conditions.  The  Pacific  coast  coals 
are  in  general  favorably  situated  for  shipment,  and  in  this  respect. 
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as  ill  llii'ir  t'Iuiriictt»r,  oifrr  i>ossiVnlities  fur  n  lnrgei%  iiiorp  ]T;y^iiliir, 
and  wider  juarket  thaix  fiiiy  of  t\w  other  Alaska  coals, 

Intef*ior  nffion.— The  interior  region,  which  is  here  defined  to 
inrhjde  the  valleys  of  Copper  and  Yukon  rivers  and  their  tribu- 
tailed,  contains  Cretaceous  bitunjinoiis  coal  on  the  lower  Yukon  and 
Tertiary  hgnite  and  subbitiiminoiis  coal  on  the  upper  Yukon  and  in 
the  Tanana,  Koyidcnk,  iind  Cupper  river  basiiiR  None  of  this  coal 
in  suitable  for  export,  but  it  may  be  of  eousiderable  importance  as 
local  fueb 

Fiering  Sea  and  A  re  He  »l  ope, —The  coal  of  this  region  has  great 
range  in  geologic  age  and  great  variety  in  character.  Coal  is  present 
in  the  Carboniferous,  Jurassic,  Cretaceons*  and  Tertiary*  In  the 
Cape  Lisbunie  region  Carboniferous  seTnibitinuinous  and  Jurajssic 
Ijituuiinous  coals  octuir,  niid  in  tlie  (*oIville  basin  Crelaceons  bilu- 
minous  coal  and  Tortiary  liguitc  are  present-  In  other  regions  (ex- 
eept  at  Wainwright  Inlet,  where  the  coal  is  Jurassic),  the  ooal,  so  far 
lis  is  now  known,  is  of  Tertiary%^e  and  is  lignite. 

It  is  not  likely  that  any  of  this  coal  is  of  immediate  vahie  for  other 
than  local  use*  The  high-grade  coal  at  Cape  Lisburne  in*iy  find 
an  extensive  market  at  Nome,  but  the  shipping  problems  are  serious. 
The  other  coal  is  tjf  such  character  thfit  its  market  must  he  restricted 
to  local  regions,  in  which  the  cost  of  better  imported  coal  is  high.  It 
may  be  of  extreme  importance  and  of  great  value  in  local  operations, 
but  it  is  not  good  enough  to  ship  very  far  from  the  mines. 

Developments  (tnel  prodiiefion. — The  coal-mining  industry  of 
Alaska  is  still  in  a  practically  undeveloped  condition.  Coal  has  been 
mined  intermittently  and  on  a  small  scale  at  several  places  for  many 
years,  but  the  industry  has  never  been  of  much  ini])ortance,  the  maxi- 
mum total  production  of  all  Alaska  in  any  one  year  being  less  than 
7,000  tons.  This  has  been  because  the  better  coal  has  not  been  well 
known  until  recently  and  can  not  be  shipped  without  railway  connec- 
tions from  the  mines  to  tide  water,  and  also  because  no  adequate  pro- 
vision has  been  made  for  granting  title  to  sufficient  tracts  to  assure 
j)r()fits  on  the  large  investments  which  are  re(juired. 

Tilt'  most  active  mining  operations  have  Ixvu  on  Cook  Inlet,  on  the 
Alaska  Peninsula,  on  the  Yukon,  in  Seward  Peninsula,  and  at  Cai)e 
Lisburne.  All  of  these  were  carried  on  to  obtain  local  fuel  on  small 
coastwise  oi*  ri\er  steamers,  at   mining  camps,  and  at  canneries. 

The  most  imi)ortant  developments  which  are  now  going  on  outside 
the  I)ering  Kiscr  region  ai*e  pre])aratory  to  mining  the  high-grade 
Matanuska  coal  on  a  ftirgc^  scale  for  sliij)ment  away  from  the  coal 
lields.  Tliis  coal,  much  of  which  rivals  the  Bering  Rivei*  coal  in 
amount   and  (piality.  is  a(laj)te(l  to  use"  on  ocean  steamers  and  rail- 

"  Miiiliu,  (i.  ("..  A  rc.nniKiissaiic.'  <.f  ili.'  Mnt.imiskM  (•(.;;1  lichl.  Alaska,  in  Um).".  :  Hull. 
/■.  S.  c.iu,].  Sm-v.-y  -No.  'JS'.t.   V.um;.  vx,  \.\>. 
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ways  and  for  the  manufacture  of  coke,  and  for  other  purposes  for 
which  high-grade  coal  is  required.  Before  this  coal  can  be  mined  it 
will  be  necessary  to  build  about  150  miles  of  railroad."  It  is  believed 
that  this  project  is  legitimate  and  that  if  favorable  title  can  be  ob- 
tained the  field  will  be  producing  on  a  large  scale  within  a  few  years. 
A  railroad  is  now  under  construction. 

The  coal  of  the  interior  and  northern  parts  of  Alaska  will  prob- 
ably be  dependent  for  its  market  on  local  demand  as  long  as  bettor 
coal  is  being  mined  in  other  regions — that  is,  it  can  now  be  sold  only 
where  excessive  freight  rates  on  outside  coals  give  it  the  advantage. 
This  local  demand  will  depend  chiefly  on  mining  camps  and  will  be 
transient  or  permanent,  according  to  whether  the  mining  camps  are 
placer  or  lode.  Such  coal  fields  of  the  interior  as  may  be  on  the  line 
of  railroads  or  near  lode  mines,  especially  if  the  ores  are  smeltin*^ 
ores  and  the  coal  capable  of  coking,  will  attain  considerable  impor- 
tance, but  these  conditions  are  contingent  on  future  discoveries  and 
developments,  which  can  not  be  foretold. 

Character  of  Alaska  coal. — The  character  of  the  coal  in  the  Alaska 
coal  fields  has  been  stated  in  the  previously  published  descriptions 
of  the  various  fields  and  has  been  referred  to  in  the  preceding  pages. 
A  detailed  discussion  of  this  subject  is  consequently  not  necessary 
here.  The  following  table  is  a  sunmiary  of  all  the  analyses  of  Alaska 
coal  which  have  been  made  for  the  United  States  Geological  Survey. 
and  will  show  approximately  the  character  and  comparative  value 
of  the  coal  from  the  various  known  areas. 


Analyses  of  Alaska  cOals. 


District  and  kind  of  coftl. 


Mois- 
lure. 


ANTHRACITE.  j 

1.  Bering  River,  average  of  7  analyses 7, 88 

2.  Matanuska  River,  1  sample !  2. 55 

SBMIANTHRACITE.  ' 

I 

3.  Bering  River,  average  of  11  analyses 5. 80 

8EMIBITUMIN0US. 

4.  Bering  River,  coking  coal,  average  of  28  analyses.  4. 18 

5.  Cape  Lisbume,  average  of  3  analyses 3. 66 

6.  Matanuska  River,  coking  coal,  average  of  16  ; 

analyses 2.71 


BITUMINOUS. 

7.  Lower  Yukon,  average  of  11  analyses. 

8UBBITUMIN0U8. 


8.  Matanuska  River,  average  of  4  analyses . 

9.  Koyukuk  River,  1  sample 

10.  Nation  River,  1  sample 

11.  Alaska  Peninsula,  average  of  5  analyses . 

12.  Cape  Lisbume,  average  of  11  analyses  . . . 

13.  Anaktuvuk  River,  1  sample 


6.56 
4.47 
1.39 
2.34 
9.35 
6.85 


Vola- 
tile 
matter. 


Fixed 
carbon.' 


6.15 
7.08 


8.87 


14.00 
17.47 


20.23 


35.43 
34.32 
40.02 
38.68 
38.01 
36.39 


Ash. 


78.23  ,      7.74 
84.82         6.05 


76.06  '      9.27 


72.42 
75.95 


65.39 


49.44 
48.26  ; 
55.55  j 
49.75  I 
47.19 
43.38  I 


2.92 
11.60 


7.56 


8.57 
12.95 
3.04 
9.22 
5.45 
13.38 


Sul- 
phur. 


Fufl 
ratio. 


1.30  j      12.86 
.57         11.  IK) 


1.08!        S.77 


1.73 
.96 


.57 


.48 


.37 


2.98 

1.07 

.:J5 

.54 


I.IH) 


1.40 
1.40 
l.a9 

i.:iO 

1 .  21 
1.20 


•Brooks,  Alfred  H..  Railway  routes.  Bull.  U.  S.  Oeol.  Survey  No.  284,  1906,  pp.  10-17 
Railway  routes  in  Alaska,  Nat.  Geog.  Mag.,  1907,  pp.  165-190. 


llu 


CONTROLLER   BA.Y    REGtON .  AJJISKA. 


Attaiy^ea  of  Alaska  Qoal» — i/autiiiiied« 


DiiaUif't  tmd  kind  oIccwIh 


lyre* 


litle 


Fixed 


Ash. 


Bui-       riiel 
pbur;  ,  rittlo. 


14,  Port  Hmham,  1  sample?.. ,.»..* ..,,., 

1£.  8oiitbtiA,vteni  Aliw^ka.^  a  venule  of  5  etamples.*.^... 

1«.  W*iowrigUt  Inlet,  i  Hiinplel -.,*,., „,.,..., 

IT.  Cfllvillo  River.  1  Hninple. ...,...., 

W.  Upper  Yuluint  Canaoian,  «vt^rag(3  of  13  ^alywa. 
19.  L-pptfr  Yukun,  fircle  priT^nce,  a^'^eriLgia  of   H 

ana]  v»^  ,„_.., .,_,..„...._...._,,,. 

:^.  Upper  Yuku»n,  Ru.mt<Art  pniviiice^  average  of  0 

ftiiftlj"?*™  *..... ..„, , ^,,. 

21.  Beward  Petiinftiila,  Imiiuple. ,..•.. *^,__.m, „., 

22,  CbUistotie  River.  1  mmpie .  „ ,., , .,...,... 

24»  4^enB:n«i'i  fJivcr.  1  Piimpie.-.. -.-r-*, 

25.  Kodfuk  lulfliKl,  1  *Jumple  ,-...,,.,, **,T ,.-,,., II »•, 

2(f*  rtiga  iHlaiid.  iiveraife  caf  ^  jinillyi3>HI  ..>«......<... 

27.  TyonelCn  liverftji;*'  of  i  mmhwii  ,**...,„.,,,,,,... 

3ft.  CblHtochiim River,  1  ^Lmple ^^-^^ir* ***..,*. 


1,B7 

la.OM 


37. 4S 
37.  Si 

30,3% 


B5.1B  1 
42.94  ' 
m27  I 


6.5a 

142 
27,90 

7.  72 


mi&i  4LH1 


I0.4»        T«2T 


L30 


11.42  i 
2t,92 

la,  t>2  I 

ia.31 

8.H5  , 


IM6 

40.4ti 
4H.)<1 

rji.4H 


m9!i 
4a  7n 

19,  4i 


111.40 

A.  10 
n.fiH 

a.  a 

7.47 
4.28 


.3^ 

A6 

.n 

l.Sft 
.3ft 


1.D4 
1.02 
1.00 
1.00 

.91 
.SR 

.79 
.77 

,m 


1. 

TWb 

2. 

Bull. 

3. 

This 

4. 

This 

Tk 

Bull. 

«. 

Bull. 

7. 

Bull. 

s. 

Bull. 

ih 

Butl. 

la 

Bull. 

11. 

Bull, 

12. 

BnU. 

i:i. 

I'rof 

1-f. 

iLnll 

15. 

Bull. 

i<;. 

rrof. 

17. 

Prof. 

IS. 

Hull. 

^\). 

Bull. 

20. 

Bull. 

21. 

Bull. 

2'* 

Prof. 

2.S. 

Bull. 

24. 

Bull. 

•}r 

Bull. 

2r». 

Bull. 

27. 

Twon 

28. 

Prof. 

"  Formerly  Cftritwdl  ElvM. 

rep<irt,  p,  84* 

L^  H,  Geol.  Sarrey  No.  '2M,  llM)a,  p.  tm,  RUttl>i*b  1, 
report,  p.  S4, 
report,  p.  S4. 

U.  1^.  OeoK  8urv<*y  Na  278,  lf«Jrt,  p.  47,  aBalyses  13  tn  IB. 
[',  ft.  (icol.  Purvey  ?ifo,  2Hi,  |JH>H,  p   ftft,  analyses  2  tn  17. 
tl.  S.  Geol.  Sarvej   No.  lilJ^.  IflCW,  pp,  62.  6:*,  nuttlys^ts  2fl,  2S  to  3S, 
F.  s,  GeoU  Surv*^v  No.  2B4,  lOfkH,  p,  m.  unalyses'  IS  to  21. 
U.  8,  Cieol  Survey  No.  ZW,   \^m.  p.  fl2,  aafllvalH  28. 
IL  g.   Geol.  Snrvpj  No.   218,   HM13.  p.  02,  analysis   17. 
U.  B.  Geol.  Survpy  Ne.  2S4.  lOOG.  p.  27. 

V.  ^.  Oeol.  ftnrvey  No.  27«.   IfNHl,  p.  47,  nnnh-ses  I   tr*  7.  f^  to  12. 
PnpiT  ]\   S.  Oi}\.  Survt'V  .Vfi.   !.*<).   1^04.  p.    114,  annlvsls  607. 

r.  s.  K-M,f,  <"'--.■'   v..   ■•-*v    v^M-.,  T^.  iio. 

U.    8.   Uool.    Survc.v   No.   284.    lOOC.    p.    27. 

Paper   T'.   S.   <iool.   Survey   No.   20.    1004.  p.    114,   aualvsis  ^^^^:^. 
[•apor  r.   S.  (leol.   Survey  No.  20,   1004.  p.   114.  analysis  620. 
r.  S.  (Jeol.  Survey   No.  21 S,   100.",.  pp.  (51.  02.  analyses  'A  to  15. 
V.   S.   (Jeol.   Surv.'V  No.   21S.    lOO:;.   p.   r,2.  analyses' 10.    18.   19. 
T^.   S.  fieol.   Survey  No.  21. s,   lO(>:i.  p.  02.  analyses  20  to  25. 
r.    S.   (Jeol.    Survey  No.   247.    10O5.   p.   07. 
Paper  V.   S.  (Jeol.' Survey   No.   41.    lOOC).   p.    125. 
T^.   S.  (ieol.   Survey  No.  250.   10u5,  p.   170.  analyses  8.  4,  7  to   10. 
r.   S.   (Jeol.    Survey   No.   21 S.    10o:5.    p.  (52. 
V.    S.   (Jeol.    Surv.'V    No.   250.    1005.    p.    170. 
V.   S.   (Jeol.    Survey    No.   250.   1005.   p.    170. 

tieth  Ann,  Uei)t.  U.  S.   (Jeol.   Survey,  pi.  7.   1000.  p.  28,  analyses  1  to  4. 
Paper  U.  S.  Geol.  Survey  No.  41,  1900,  p.  124. 


importp:i)  coai.. 


The  coal  which  is  now  beincf  F^hipped  to  Alaska  is  derived  from  the 
followin<r  sources:  Vancouver  Island,  Puget  Sound,  Australia,  the 
Appalachian  ro<rion,  and  Wales.  Alaska  coal  will  not  only  have  to 
compete*  with  these  at  home,  l)ul  if  it  seeks  a  more  extended  market 
will  also  meet  these  coals  on  l*iio-et  Sound,  at  San  Francisco,  and  in 
the  navy-yards  and  (•oalin<j:  stations  of  the  Pacific,  and  will  also  com- 
pete to  some  extent  with  the  coal  now  beinix  mined  in  California  and 
()re<ron.  It  is  conseciuently  important  to  com|)are  the  character  of 
the  Ahiska  coals  with  that  of  all  those  with  which  they  may  come  into 
competition.  This  may  \h'  done  \)y  insp(M'tinir  the  followinnf  tables 
of  analyses,  which  arc  the  best  available  substitutes  for  actual  prac- 


PACIFIC    AND   EASTERN    COALS. 


Ill 


tical  tests  and  which  may  be  relied  on  to  give  a  close  approximation  to 
the  quality  and  value  of  the  coal : 

Average  composition  of  Pacific  coals. 


District  and  kind  of  coal. 


British  Columbia,  Crows  Nest  Pass,  average  of  10 

analyses  ab 

British  Colombia,  Comoz,  average  of  9  analyses  bod 
British  Columbia,  Nanaimo,  average  of  6  analyses 

bee 

Washington,  Wilkeson,  average  of  7  analyses  Jgh  ,. 

Washington,  Cokedale,  average  of  3  analyses/ * 

Washington,  Blue  Canvon,  average  of  3  analyses /0  > 
Washington,  Carbonado,  average  of  15  analyses  gi.. 

Washington,  Roelyn,  average  of  9 analyses  bfg hi 

Washington,  Franklin,  average  of  5  analyses/  g 

Washington,  Renton,  average  of  10  analyses  gh 

Washington,  Newcastle,  average  of  5  analyses/ 9 

Washington,  Black  Diamond,  average  of  4  analyses/^ 

Or^on,  Coos  Bay,  average  of  4  analyses/ 

California,  average  of  10  analyses/ 

Japan ,  average  of  8  analyses  ^ 

Philippines  (Cebu)  average  of  9  analyses  l 

Philippines  (Batan),  average  of  5  analyses i ... 
New  South  Wales,  southern,  average  of  21  analyses  m 
New  South  Wales,  western,  average  of  13  analyses  »« 
New  South  Wales,  northern,  averageof  77  analyses m 


Mois- 

Vola- 
tile 
matter. 

Fixed 

Ash. 

Sul- 

ture. 

carbon. 

phur. 

1.09 

21.07 

70.64 

7.29 

0.37 

1.18 

28.41 

62.91 

7.49 

l.M 

2.12 

34.07 

55.94 

7.93 

.64 

.92 

27.15 

61.82 

10.11 

1.42 

1.27 

28.04 

62.30 

8.39 

.34 

1.62 

32.63 

60.47 

5.28 

.53 

1.67 

33.11 

56.74 

8:48 

.94 

2.68 

34.37 

52.75 

9.87 

.24 

3.22 

35.40 

53.82 

7.55 

.15 

4.48 

36.01 

51.17 

8.23 

.61 

7.51 

37.69 

48.94 

5.86 

.48 

4.44 

40.50 

51.73 

3.33 

.44 

10.41 

46.15 

36.85 

6.59 

1.02 

11.32 

45.09 

35.91 

7.68 

2.62 

42.49 

50.07 

4.82 

.92 

14.00 

31.08 

50.53 

4.85 

13.57 

36.91 

44.92 

4.60 

.97 

23.10 

56.26 

10.67 

.46 

1.87 

81.49 

52. 61 

14.03 

.63 

1.92 

a5.09 

54.08 

8.91 

.54 

Fuel 
ratio. 


2.  21 

1.64 
2.  2M 
2. 22 

l..S.^) 

1.71 
1.5;^ 
1.02 
1.42 
1.;^ 
1.2.S 
.80 
.  SO 
I.IS 
1.6J 

1 .  22 

2.  83 
1.67 
1.62 


«Ann.  Rept.  Geol.  Survey  Canada,  Vol.  3,  pt.  2,  1887-8,  pp.  12T-15T. 

»Ann.  Rept.  Minister  of  Mines,  British  Columbia,  for  1902,  p.  262H. 

«  Ann.  Rept.  Geol.  Survey  Canada,  1872-3,  pp.  76-78. 

*«Ann.  Rept.  Geol.  Survey  Canada.   1876-7,  p.  468. 

•Ann.  Rept.  Geol.  Survey  Canada,   1882-18§4,  p.  37M. 

/  Twenty-second  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  3,  1902.  pp.  490,  501,  510. 

'Ann.  Kept.  Washington  Geol.  Survey,  Vol.  2,  1902,  p.  270. 

*  Rept.   State  Inspector  of  Mines,  Washington,   1901-2. 

*  Ann.  Rept.  Washington  Geol.  Survey,  Vol.  1,  1901,  Pis.  XXV,  XXVII. 
i  Geology  of  California,  Vol.  3,  p.  48. 

*  Outlines  of  the  geology  of  Japan,  Imperial  Geol.  Survey  of  Japan,  1902,  p.  190. 
'The  coal  measures  of  the  Philippines   (report  to  the  United  States  military  governor 

in  the  Philippines),  War  Department,  1901,  pp.  178-181,  256-259. 
"*  Mineral  resources  of  New  South  Wales,  1901,  pp.  324-348. 

Average  composition  of  eastern  coals. 


DlAtrict  a^d  kind  of  coaJ. 

Mob- 
tar«. 

Vola^ 

Ule 

matter. 

Fixed 
carbon. 

Ash. 

Bdl- 
phur. 

Fuel 
rattfi. 

22.33 

Remarks, 

Peoui^ylvaiiia^  anthracite^  average  of 

3.S9 

8.81 

83.79 

8.42 

Domej^tic  ooal. 

^analyaOfl-** 

Lay&U>4jc'k,  Fa,,  semianthmclti^,  aver- 

1.49 

11,(17 

7S,Sa 

i.m 

.86 

7.ia 

Hu. 

age  cf  4  anfllyecSr*" 

Foeabflntftp,  W.  Va. .  jicmibitumlnouB, 

.7S 

17.48 

77.71 

4.  £3 

.62 

4.ie 

Bteam  and  c^Jkintf 

Average  of  38  nrmlyi^^?.  b 

coal. 

^ecoFffeii  Creek,  Mrl.,  semlhltuminouB. 

.TtJ 

18.  M 

72.  B6 

7. 2d 

LOl 

a.ee 

average  of  53  analyses,  n 
Connelisville.  Pa.,  bitumlnou^it  aver- 

LOT 

SS.70 

60.2S 

5.05 

.81 

i.Bi 

Coking  coal , 

i^-e  of  8  an«.tyeej^  <' 
Jfclnnont,  W.  Va-.  bHumiuoue.  iver- 

.76 

86.18 

U.«S 

6.45 

2,  SO 

1.48 

Co  kin  it/     find 

Pige  of  €S  »n»ly$e!i, « 

steam  eoHh 

•Ann.  Rept.  Geol.  Survey  Pennsylvania^  1885,  pp.  313,  818. 


^xuju.    Mj^^yx..    \j\7Kji.    *j\AL  ^\:j     X  c;uuoj  I  vnuio.,     xoof,    l 

•Rept.  Geol.  Survey  West  Virginia,  Vol.  2,  190 


«  Rept.  Maryland  Geol.  Survey,  Vol.  5,  1906,  pp.  e 
*  Rept.  Geol.  Survey  Pennsylvania,  Vol.  MM,  1879,  pp. 
«  Rept.  Geol.  Survey  West  Virginia,  Vol.  2,  1903,  p.  209 


695,  696,  700. 
1-633. 
21-22. 


<*  Rept.  Geol.  Survey  Pennsylvania,  Vol.  MM, 

•Rept.  Geol.  Survey  West  Virginia,  Vol.  2,  ll-_,        

fThe  phosphorus  in  these  analyses  ranges  from  0.0019  to  0.037,  averaging  0.0117. 


It  may  be  seen  from  these  tables  that  the  Bering  River  anthracite 
has  no  equivalent  among  the  coals  now  being  mined  on  the  Pacific 
coast  and  that  it  compares  favorably  with  Pennsylvania  anthracite. 
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It  uijght  to  \>o  puJ  iiito  the  Sail  Kmiici.si'd  utnl  otln^r  Pacific  t'oast 
inarkt'ts  at  a  rost  far  below  that  of  t^astern  coaL  in  which  case  it  should 
hii  ve  no  fliffioiilty  in  entirely  siipphinting  the  hitter, 

The  Bering  River  sein i bit nuii nous  (like  part  of  the  semibitnininoiis 
eoal  fntrn  Matannwka  Kiver)  is  also  better  tlian  anything  that  m  Iwlng 
ijiined  in  the  We^t.  These  coals  are  the  equivalent  of  the  Pocahontas, 
New  Kiver,  and  (leorges  Creek  roals  of  the  X^^ast  and  are  eminently 
atlapted  for  lifip  on  warships  and  for  other  purposes  for  which  a  high* 
grn  d  i\  p  1 1  re ,  **  si  i  k>  k  e  1  eas ' '  stea  ni  i  ng  eo  a  1  is  veq  u  1 1  -ed  ;  n  n  d  f o  r  1 1  wm 
pnrpoj^s  will  roniinand  a  ronsiderably  higher  prit*e  than  any  roal 
that  iH  now  being  mined  on  the  Pacific  coast,  or  if  offered  at  equal 
prices^  sh<ndd  n>adily  drive  the  latter  fn>m  the  market. 

Part  of  this  coal  will  produce  an  excenent  quality  of  coke,  l>etter 
in  fact  (except  j)c)ssibly  regarding  content  of  phosphorus,  regarding 
wfiicli  few  data  are  available)  than  coke  which  can  he  produced  from 
any  *^f  the  Washington  and  Vancouver  Island  coals  and  ef[ual  to  the 
coke  from  Crows  Nest  Pasi^.  If  an  important  smelter  industry  grows 
up  in  Alaska,  as  now  seems  possible,  the  Bering  River  coking  coal 
ahould  have  the  advantage,  lioth  in  quality  and  in  transpoitation 
rates,  over  any  coking  coal  which  is  tiow  being  used  on  the  Pacific 

PETROLEUM. 

INTRODUCTION. 
LOCATION  OF  THE  OIL  FIELD. 

The  Controller  Bay  petroleum  field  is  located  in  the  southern  part 
of  the  mainland  region  discussed  in  this  report.  The  localities  at 
which  there  are  indications  of  ])etroleum  are  confined  to  a  belt  about 
'jr>  miles  long  from  east  to  west  and  4  to  8  miles  wide  froui  north 
to  south  (see  fig.  "2).  This  belt  is  adjoined  on  the  north  in  part  by 
the  Bering  River  coal  field.  Its  southern  border  is  formed  by  Con- 
troller Bay  Mud  the  Pacific  (Vean  and  by  the  alluvial  flats  on  the 
east  shore  of  Controller  Bay.  The  eastern  and  western  terminations 
are  Bering  (ilacier  and  the  Cop]>er  Delta,  respectively. 

GEOLOGIC  CONDITIONS  IN  THE  OIL  BELT. 

The  rock^  wliiiMi  outiM-(>p  within  the  oil  belt,  as  shown  on  the 
Licoloi^ir  \u:\p  (PI.  V.  ]>(H'kct  V  arc  cliictly  tlie  various  members  of  the 
Katalla  formation  roi>rc^ontisl  in  the  scctiiMi  of  r(vk>  soutli  of  P)criiiL' 
Lake  a*  gixtMi  on  ]\  -^T.  In  additit^n  xo  tho>e  some  of  the  metamorphic 
ri>rk^.  th(^  (^^uaicrnary  dt*i>o-it^.  and  the  dike>  descrii>ed  on  page- 
'J  I    I'..'  arc  represented.     'Die  structure  ha^  Invn   de>crilvd   on   page- 
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DEVELOPKEIITS. 

Active  attempts  to  produce  petroleum  in  commercial  quantities 
in  this  region  have  been  made  for  the  last  five  years.  The  first  well 
was  begun  in  the  summer  of  1901,  but  no  oil  was  produced  and  no 
great  depth  was  reached,  as  the  tools  were  soon  lost  and  the  well 
abandoned.  The  next  year  (1902)  the  same  people  drilled  another 
well- and  obtained  some  oil.  Six  wells  were  being  drilled  in  190:5. 
The  following  year  (1904)  witnessed  the  greatest  activity  that  the 
region  has  seen,  eight  wells  being  in  progress.  In  1905  and  190G 
operations  were  restricted  to  two  wells. 

The  result  of  these  operations  has  been  to  obtain  one  well  which 
yields  a  moderate  amount  of  oil,  another  well  which  is  capped,  but 
in  which  the  oil  has  at  times  a  considerable  pressure,  and  two  more 
wells  in  which  an  unknown  amount  of  oil  stands  near  the  top  of  the 
casing. 

Drilling  has  proved  to  be  very  difficult  and  expensive  and  the 
results  not  as  encouraging  as  had  been  hoped.     These  facts,  together 


Fig.   2. — Map  of  Controller  Bay  oil  field,   showing  position  of  wells  and  seepages. 

with  the  uncertainty  as  to  the  amount  of  territory  which  one  con- 
cern may  legally  control  and  the  equally  great  uncertainty  as  to 
the  conditions  of  the  market,  have  led  to  a  suspension  of  some  of  the 
more  active  operations. 


OCCURRENCE   OF    PETROLEUM. 

SEEPAGES. 

GEOGRAPHIC    DISTRIBUTION. 


It  may  be  seen  from  inspection  of  the  map  (fig.  2)  that  the  seep- 
ages all  occur  within  a  long  narrow  belt  extending  from  the  edge  of 
the  Copper  Delta  to  Bering  Glacier,  a  distance  of  about  28  inihs 
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from  eiist  to  wej^t,  Tht*  l>e!t  h  very  narnnv,  not  exceeding  4  niile^^ 
at  the  widest  known  point,  and  is  punille!  tu  ihe  noilh  shore  of  Con- 
troller Bay,  which  has  the  same  east  and  west  direction  as  the  larger 
aspect  f?f  the  shoir  of  llit*  Prtcific  OeuTi  lK*tween  Copper  River  and 
Yakntut  Bay*  The  seepages  at  Cape  Yaktag'*  an*  also  reported  to  lie 
on  a  line  htiving  t!ie  sanje  direction  iis  this  and  p  met  i  en  My  coincid- 
ing with  it  in  extended  position.  Several  of  the  smaller  gronps  of 
seepages,  such  ns  the  ijroup  nn  Kedwood  Creek  and  at  the  head  of 
Ratal  la  Slough,  tho^  in  the  valleys  of  Burls  and  Chilkat  creaks, 
and  in  the  Nifhawak  region,  have  a  distinct  linear  arrangement  each 
running  about  X.  I-'*''  E,  Thes^e  lines  coincide  with  the  ilircctioiis 
of  the  valleys  in  which  they  t»ccur,  and  the  relationship  snggcsth' 
that  either  the  position  of  the  valley  and  that  of  the  line  of  seepages 
are  due  to  the  same  canst*  or  that  the  one  is  due  to  the  other, 

B£LATIO»0  TO  KINtiB  OF   ftOCK, 

The  oil  of  the  seepagt^s  reachet^i  the  surface  through  a  variety  of 
nM*ks  (see  pp.  lHi-119).  The  seepages  west  of  Katalla  are  associatetl 
with  nietainorphic  rocks,  the  oil  i-eaching  the  surface  either  through 
the  joints  and  bedding  or  cleavage  planes  of  the  slate  and  graywacki* 
or  through  surficial  deposits  which  probably  overlie  such  rocks.  The 
pn^seiice  of  petroleum  in  rocks  of  this  character  is  somewhat  unusual 
and  worthy  of  notice.  Similar  occurrences  of  small  t^nantities  of  oil 
in  nietamorphic  rocks  arc  known  in  California  and  AVashington. 
where  the  oil  is  considered  to  have  migrated  into  the  metamorphic 
rocks  subsequent  to  their  alteration.  A  similar  explanation  may 
hold  for  the  Alaska  occurrence.  The  writer  would  suggest  as  a  pos- 
sible explanation  that  the  metamorphic  rocks,  which  are  known  to 
be  separated  from  the  Tertiary  shales  by  a  fault  (see  p.  44),  arc 
overthrust  upon  the  shales  along  a  fault  plane  of  low  hade,  and  that 
the  oil  at  the  seepages  west  of  Eagged  Mountain  is  coming  through 
the  metamorphic  rocks  from  underlying  shales. 

The  seepages  at  the  head  of  Katalla  Slough  and  on  Redwood, 
Burls,  and  Chilkat  creeks  are  all  in  the  soft  shales  which  compose  a 
large  part  of  the  Katalla  formation  {</  of  section  on  p.  37).  Those 
between  licdwood  and  Burls  creeks  are  associated  with  conglomer- 
ates of  ])i'esii!iinbly  liigluM*  position  (r  of  the  section).  Such  of  the 
seepages  of  the  Xichawnk  iH^iiion  as  ha\e  been  seen  by  the  writer  aiv 
in  shales  wliich  closely  i'eseml)le  those  referred  to  above.  The  Yaktai; 
see})ages  are  said  to  be  in  Miocene  sandstone  and  shales. 

UKLATION    K)    SIIU  (TIKK. 

The  position  of  the  seepages  with  rc^ference  to  the  structure  is  some- 
what vagu(^  and  uncertain.  Those  west  of  Katalla  are  on  steeply 
folded    and    ^lightly    nietainoi'])hose(l    i*ocks    in    which    the    detailed 

"\,o,;illy    kiv<i\vu  as   {'i\\>r   Vakata^a. 
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structural  features  have  not  been  determined.  The  group  on  Ked- 
wood  Creek  and  Katalla  Slough  is  apparently  in  close  proximity 
to  a  fault.  The  Burls  Creek  group  and  the  Redwood  Creek  group  are 
near  the  axes  of  anticlines,  the  Redwood  Creek  anticline  being  prol)- 
ably  broken  near  or  west  of  its  axis  by  a  fault.  The  seepages  l^etwecn 
Burls  and  Redwood  creeks  are  on  monoclinal  conglomerates.  The 
general  structure  of  the  Xichawak  region  has  not  been  determined, 
but  the  roclcs  have  stei»p  dips  and  are  probably  closely  and  complexly 
folded.  The  Yaktag  region,  which  has  not  been  visited  l^y  the  writer, 
is  said  to  have  an  anticline  near  and  parallel  to  the  coast,  north  of 
which  the  rocks  have  monoclinal  northward  dip.  The  seepages  are 
said  to  occur  on  the  north  flank  of  the  anticline,  parallel  to  and  not 
far  from  its  axis. 

It  may  be  seen  from  the  preceding  paragraphs  that,  although  small 
groups  of  seepages  lie  on  local  structure  lines,  yet  the  general  distri- 
bution of  all  the  seepages  in  a  long,  narrow,  east-west  belt  diagonal 
to  the  structure  and  to  the  belts  of  outcrop  of  the  various  kinds  of 
rock  is  imexplained.  The  existence  and  position  of  this  belt,  never- 
theless, must  have  been  determined  by  the  stratigraphy  and  struc- 
ture— if  not  by  that  of  the  surface  rocks,  then  by  that  of  some  rocks 
which  do  not  outcrop  at  that  surface. 

The  rocks  which  outcrop  within  this  region  have  been  shown 
above  to  be  for  the  most  part  unaltered  Tertiary  sediments,  with 
smaller  areas  of  metamorphosed  rocks  similar  to  those  which  prob- 
ably compose  the  greater  part  of  the  Chugach  Mountains  and  of 
the  shores  and  islands  of  Prince  William  Sound.  These  older  rocks 
are  of  undetermined  age,  but  the  weight  of  the  evidence  from  all  the 
wide  region  through  which  they  extend  indicates  that  they  are 
Paleozoic.  In  this  case  there  is  an  hiatus  between  them  and  the  Ter- 
tiary rocks  which  is  represented  in  neighboring  regions  by  many 
thousand  feet  of  strata.  North  of  the  Chugach  Mountains  in  the 
valley  of  the  Chitina  River  this  interval  is  represented  by  about 
4,000  feet  of  Triassic"  sediments  and  1,(300  feet  of  Jurassic^  beds. 
In  the  Matanuska  Valley  it  is  represented  '  by  several  thousand  feet 
of  Jurassic  and  Cretac*eous  rocks.  On  Cook  Inlet  and  the  Alaska 
Peninsula**  over  2,000  feet  of  upper  Triassic,  8,r)00  feet  of  Jurassic, 
and  probably  several  thousand  feet  of  Cretaceous  rocks  intervene 
between  the  metamorphosed  Paleozoic  and  the  slightly  consoli(late<l 
Tertiaiy  beds. 

•  Schrader,  F.  C,  and  Spencer.  A.  ('..  The  geology  and  mineral  resources  of  a  portion 
of  the  Copper  River  district,  Alaska.  A  special  publication  of  tlie  U.  S.  Geol.  Survey. 
1901,  pp.  46-50. 

^MendeDhall,  Walter  C,  Geology  of  the  central  Copper  River  region,  Alaska:  Prof. 
Paper  IT.  S.  Geol.  Survey  No.  -11.  V.nio,  p.  5i\ 

<■  I'aige,  Sidney,  and  Knopf.  Adolph,  (Jeologic  reconnaissance  in  the  Matanuska  ni)(l 
Talkeetna  basins,  Alaska:  Bull.   \\  S.  Geol.  Survey  No.   .'i'J7,   1007,  pp.   1(>  iM. 

^Stanton,  T.  W.,  and  Martin.  (J.  r..  M':sozolc  section  on  Cook  luVeA  i\\\v\  W^-aVw  WwXw 
sola:  Bull  Geol.  Soc.  America,  vol.  16,  1905,  pp.  3yi-41V). 
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Tin*  Jurasjiie  rocks  an  (Ik?  wt^st  Hlitnv  of  Cmik  In  1ft  jiml  uii  the 
Alaska  Pt*niii^uk  yield  iH:!troliMmi  '^  vvhi^h  iti  of  tin?  hiuijo  character 
and  composition  as  the  Controller  Bay  oil,  and  very  different  fi*ain 
most  of  the  Tertiary  nil  of  California  and  othrr  Pneilic  coa?^  fields 

The  infert^uce  naturally  follows^  tliat  the  Controller  Bay  jK't ro- 
le uni  may  be  derived  from  Mesozoic  fc^tmta  which  are  buried  beneath 
the  Tertiaiy  rocks.  If  :sudi  be  the  ciise  a  fault  parallel  to  the  t^imsi 
and  to  the  mountains  will  acc4>unt  fur  the  [wsition  and  eharactei"  of 
I  he  shore  and  will  offer  a  zone  of  movement  for  the  oil  from  its 
oii^inal  source  in  tlie  MesoKoic  hjcIvh  below  inti»  its  present  iip parent 
isource  in  the  Teitiary  rt>cks  at  the  surfaee.  By  mich  a  fasilt  I  he  Ter- 
tiary rocks^  closely  folded  when  in  immediate  proximity  to  the  moun- 
tains, jnight  have  ovt^rri<lden  Mt'soxoie  beds  which  were  at  a  distance 
from  tlie  xojie  of  disturbance,  and  henc^^  ncU  necessarily  folded  or  di*^- 
t orbed.  The  oil  could  then  come  tip  along  the  fault  planes  and 
throngli  joint,H  from  buried  Meso>:uie  rot-ks  of  possibly  simple  stnic- 
ture  into  the  complexly  folded  Tertiary  rocks.  The  ^t mixture  of  i 
the  imderlying  rocki^  and  the  poBition  of  the  fault  or  faults  would 
determine  the  major  en s£ -west  seepage  belt,  while  the  structure  of 
the  more  intricately  folded  nx^ks  at  the  surface  would  determine  the 
details  of  the  minor  noilhea^t  and  southwest  gi^ups  of  seepages. 
This  hypothesis  removes  the  difficulty  of  accounting  for  light -gravity 
oils  in  complexly  folded  and  faulted  rocks  and  explains  the  occur- 
rence of  the  seepages  in  a  narrow  zone  diagonal  to  the  structure, 
parallel  to  the  mountains  along  the  general  east  and  west  shore  line, 
and  in  line  with  the  belt  of  seepages  at  Yakataga.  It  is  a  possi- 
bility which  should  be  borne  in  mind  in  further  local  geological 
studies  or  in  interpreting  the  position  of  ai)parent  oil-sands  in  wells 
or  at  seepages. 

DKSCKIl'TION     OF    TIIK    SKKP.\(;KS. 

Petroleum  seepages  and  gas  springs  are  very  numerous  in  nuiny 
j)arts  of  the  oil  belt,  and  at  some  of  them  the  flow  of  oil  or  of  gas  is 
large. 

Several  large  oil  seepages  were  seen  l)v  the  writer  on  th(»  banks  of 
Miri'or  Slough,  near  the  nioutli  of  Martin  l\iver.  The  ])etr()leuni 
ivaches  I  lie  surfnre  from  the  clay  and  mud  of  the  valley  Hoor.  and  a 
laige  auiounl  has  accumulated  in  the  ])()ols  on  the  s\vami)V  surface 
and  in  the  soil.  The  nearest  outcrops  of  hard  rock  are  sandstones 
or  gi'aywackes.  probably  the  same  as  those  on  AA'inghain  Island  and 
in  liagged  Mountain,  and  if  so  of  pre-Tertiaiy  and   probably  Pale- 

"  Minfiii.    <;.    ('..    The   pclrnUMiiii    fu'hls   (tf    the    r;uilic    r(.:ist    of    Alask.i.    with  :ni   ;icc«.iint 

(•f   (hf    Il.Tini;    liivcr    .oal   deposits:    liiill.    1'.    S.    r,,>,,\,    Sm\.\v    .\<».    •_'.".(•.    r.M).",.  pp.    .-.T    .'.•>  : 

Notes    oil     the    p.'trolouiii    ri.'Ids    of    Alaska:     llnll.     V .     S.    <;.>ol.     Survey     No.  L'.'.'J.     llMt.",, 
pp.    l-JS    i::i). 


PETROLEUM.  117 

ozoic  age.  It  seems  almost  certain  that  oil  came  from  these  rocks. 
Seepages  were  also  seen  near  the  head  of  Mirror  Slough  at  the  base  of 
Ragged  Mountain.  The  oil  here  reaches  the  surface  through  soil  im- 
mediately underlain  by  either  glacial  drift  or  by  talus  or  landslide 
debris.  The  underlying  rocks  are  probably  the  slate  or  graywacke 
referred  to  above.  Another  seepage  about  1  mile  south  of  this 
point,  in  the  canyon  immediately  north  of  Bald  Mountain,  was  visit- 
ed by  the  writer.  The  oil  was  here  seen  oozing  in  small  quantities 
directly  from  the  joints  and  bedding  planes  of  the  steeply  dippiii<r 
slate,  chert,  and  gra3'^wacke. 

Oil  is  reported  to  have  been  seen  in 'large  amounts  at  the  time  of 
the  earthquake,  1899,  on  the  surface  of  the  water  of  the  small  ponds 
and  the  creek  at  the  south  end  of  the  town  of  Katalla.  The  surface 
material  consists  of  rock  debris  largely  from  Ragged  Mountain,  un- 
derlain by  the  soft  shales  of  the  Katalla  formation. 

Numerous  and  copious  seepages  are  to  be  seen  at  the  head  of  Ka- 
talla Slough.  The  oil  impregnates  the  soil  very  completely  at  many 
points  and  has  accumulated  in  large  amoimts  on  the  surface.  These 
accumulations  are  chiefly  of  oil,  and  are  not  residues  as  at  the  Cali 
fornia  brea  deposits.  No  outcrops  are  near  but  the  underlying  roclc 
is  almost  certainly  the  soft  shale  referred  to  above  and  probably  has 
a  steep  dip. 

On  the  west  slope  of  the  valley  of  Redwood  Creek  about  1^  miles 
northwest  of  the  mouth  of  the  creek  and  near  a  well  (No.  8,  fig.  2,  j). 
113),  oil  can  be  seen  coming  directly  from  soft,  fissile,  iron-stained 
shales.  The  shale  has  been  broken  into  small  angular  fragments  and 
recemented  by  ferruginous  material.  This  condition  is  frequent  at  or 
near  seepages  in  these  shales,  but  it  is  not  known  whether  it  is  a 
surface  condition  connected  with  erosion  or  whether  it  indicates 
crushing  of  the  rocks  at  a  depth  below  the  surface  during  the  proc- 
ess of  folding  or  faulting.  Here,  as  at  many  other  seepages,  sul- 
phur springs  are  associated  with  the  oil.  Another  seepage  was  seen 
near  the  headwaters  of  Redwood  Creek. 

It  is  reported  that  oil  may  be  seen  at  low  tide  in  the  beach  sands 
on  the  north  shore  of  Strawberry  Harbor.  The  rocks  in  the  vicinity 
are  sandstone  and  shale,  probably  belonging  much  higher  in  the 
stratigraphic  column  than  the  soft  shale  at  the  seepages  previously 
described. 

There  are  several  seepages  along  the  wagon  road  which  leads  from 
the  head  of  Katalla  Slough  to  the  mouth  of  Bering  River.  Two  of 
these  are  located  about  a  mile  and  a  half  w^est  of  Burls  Creek  and 
close  to  the  road.  The  amount  of  oil  at  one  of  these  is  large.  The 
nearest  visible  rock  is  steeply  dipping  conglomerate  which  outcrops  a 


IIH  rONTHOLLER   BAY   REOtON^  ALASKA* 

few  fet4  HWiiy^  hnt  the  oil  ran  bo  soph  rmly  cm  tin*  hiurfart*  of  the  ?^ih| 
the  liiiTet  Houn^e  ni>t  lH*iii^  visibli** 
The  tippei'  part  nf  the  valley  of  HutIh  ('n»ek  contains  many  .seep- 

nge^  at  which  (hi*  nU  r»o7>*s  rliivrlly  fi'nrn  stK^ply  flippinor  shales' 
whit^h  here  contain  a  hirge  amount  of  ghmronite  jyfrains,  which  gives  | 
the  voi-.k  a  hnglit-^i^ii  cokn%  Thiti  sections  ^bow  aliundant  rasts-^ 
of  Foraminift.*ra  und  diatoms.  Lar^e  ral<:*art^ouH  eonrretions  are 
obnndanl  nuA  oflcn  lake  the  form  of  s«*pUiria  nodules  with  oalciiiSj 
lil lings.  Organ io  vemainH  consisting  chiefly  of  mt^Ihisks  and  cndjsj 
are  froquently  sihhi  in  the  conrr<*HoTis,  The  f^oft  shale  is  also  richj 
ill  organic  ijjiiti.*riaU  some  bt^dn  Inking  so  ilark  as  to  suggest  in  iippcar-j 
anc'**  inipntv.  c<ml.  Xti  t'oal  was  seen  by  tlie  writer  in  these  mtiks,. 
eith**r  at  this  locality  or  etstnvhem.  The  rock.^  at  this  point  seem-' 
U)  Ih*  very  strongly  ijjipi'cgnutetl  witli  oil  and  Si^epagiss  aii>  nnna^ruuSj 
but  larg^  surface  aecnmnlaHons  are  rare.  Broken  shale  recemented] 
by  ferrugimms  material  Wiis  si*cn  here  as  on  Rt^hvood  Orcck* 

Some  seepages  with  considcndde  surf»cc  aixinmdatiou  of  oil  wei*e 
se€n  along  the  edge  of  the  tidal  flat,  close  to  the  wagun  road,  half] 
way  lietween  Burls  CVeek  and  the  moutli  of  Bering  River.     Out-I 
crops  were  absent  in  the  Immediate  vicinity,  hut  fragments  of  shal»J 
indicated  the  pi'eseoce  of  such  rock. 

Several   seepages  have  been   reported   from  Chilkat  Creek,     The^ 
largest  one  seen  by  tlie  writer  is  in  the  west  bank  of  the  creek,  1^ 
miles  above  the  forks  of  the  wagon  road.    The  oil  reaches  the  surface 
through  soft  brecciated  shale  with  a  steep  westerly  dip.    The  seepage 
is  associated  with  a  black  sulphur  spring. 

Many  seepages  have  been  rei)()rted  in  the  group  of  liills  centering 
around  Mount  Xichawak.  Those  seen  by  the  writer  were  small, 
but  the  oil  issued  directly  from  the  rock,  wdiich  is  shale  resembling 
that  at  the  seepages  west  of  Bering  Eiver.  Others  are  reported  to 
be  located  on  the  banks  of  a  small  lake,  which  is  said  to  be  covered 
at  times  with  oil. 

Other  see|)ages  have  l)een  reported  from  various  parts  of  tlie 
Controller  Bay  region,  but  they  have  not  been  seen  by  the  writer. 

Reference  should  be  made  to  the  seepages  in  the  vicinity  of  Cape 
^'ak'tiig,  al)()ut  7r)  uiiles  east  of  Controller  Bay.  The  amount  of  oil 
is  said  to  be  \eiT  large,  there  being  a  continuous  flow  fi'om  several 
oi*  the  siH'pages,  one  of  which  h;is  been  estimated  to  yield  several 
i)ai'rels  of  oil  per  day.  Fhe  oil  is  said  to  come  directly  from  the 
I'ock's,  whicli  are  shale>  and  sandstones  of  Miocene  age,  the  seej)ages 
lu'ing  in  a  line  along  the  crest  of  an  anticline  ]3arallel  to  the  coast. 

Inilanimal)le  gascomo  to  the  surface  of  the  water  in  large  amounts 
in   sc\eral   places.     The   largest   of  the   ''gas  springs''  seen   by   the 
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writer  are  in  Mirror  Slough  and  in  Katalla  River.  The  former  is 
sufficient  to  furnish  a  large  continuous  flame.  The  composition  of 
the  gas  is  not  known.  It  issues  from  the  mud  on  the  bottom  of  the 
slough. 

WELLS. 

The  wells  in  which  oil  has  been  obtained  in  this  region  are  so  few 
that  they  throw  little  or  no  light  on  the  problem  of  the  occurrence  of 
oil.  A  flow  of  oil  had  been  obtained  in  one  well  (No.  10,  fig.  2)  and 
less  quantities  in  three  others  (Nos.  5,  8,  and  13).  All  of  these  wells 
are  close  to  seepages  and  are  on  the  outcrop  of  the  upper  shales  of 
the  Katalla  formation.  They  are  all  on  lines  of  seepages  having  a 
north-northeast  to  south-southwest  direction,  and  are  all  on  the 
steeply  dipping  northwest  flanks  of  anticlines  and  possibly  on  or  near 
lines  of  faulting.  It  is  unfortunate  that  no  other  wells  have  been 
drilled  in  similar  positions  on  the  structural  lines  alluded  to  above. 
Such  wells  might  not  be  successful,  but  they  would  test  the  possible 
theory  that  the  above-mentioned  lines  have  something  to  do  with  the 
distribution  of  the  oil. 

The  net  result  of  the  drilling  has  been  to  show  the  existence  of 
moderate  amounts  of  oil  in  at  least  part  of  the  territory.  The  wells 
are  neither  niunerous  enough  nor  deep  enough  to  determine  the  out- 
line of  the  pools  and  the  area  of  productive  territory,  or  to  show 
whether  the  oil  exists  in  sufficient  quantity  to  pay  for  exploitation. 
They  have  demonstrated  the  difficulty  and  expense  of  drilling,  and 
the  need  of  ample  resources  and  careful  management.  The  existence 
of  oil  in  remunerative  quantities  has  neither  been  proved  nor  dis- 
proved. The  evidence  from  the  existing  wells,  like  that  of  the  seep- 
ages, is  sufficient  to  warrant  further  testing,  if  it  be  done  intelligently 
and  carefully  by  companies  strong  enough  to  exploit  large  areas  on 
a  scale  which  permits  of  wholesale  economies,  and  also  strong 
enough  to  risk  their  capital  on  what  must  certainly  be  regarded  as  a 
speculation  rather  than  an  investment. 

The  following  list  contains  an  account  of  each  well  that  has  been 
drilled  in  the  district.  The  numbers  refer  to  the  geographic  location 
of  the  wells,  as  shown  on  the  map  (fig.  2,  p.  113). 

No.  1.  West  shore  of  Bering  Lake.  The  surface  rocks  are  sandy 
shales,  presumably  underlying  the  coal-bearing  rocks.  Dip,  12°  to 
35**  NW.  Well  begun  in  1905,  but  interrupted  by  accidents  to  ma- 
chinery.   Depth,  several  hundred  feet. 

No.  2.  East  shore  of  Bering  River.  Begun  in  1903.  Abandoned 
without  reaching  bed  rock  at  depth  of  580  feet  because  of  difficulty 
of  sinking  casing  through  the  mud. 

No.  3.  Chilkat  Creek.  Drilled  in  1904  to  depth  of  several  hundred 
feet.    No  information  available. 
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\n.  4.  Kdirt^  of  tidal  ttats  1  mile  west  of  iiwtith  of  Ri?ring  Riven 
I>i"i]leii  iji  IfliU  to  depth  r*f  ^^veral  hundred  feet. 

No,  5.  Edge  of  tidal  flats  a  short  dislancc  tiorthwesl  of  No.  4. 
Drillefl  111  1004  hi  depth  of  ?*v<M"fi1  hnndred  feet.  Oil  now  ^taml?? 
iieur  top  uf  eamn^*  Small  but  c*ontinu(JUs  flow  t>f  gas.  Amount  of 
oil  not  kiiown* 

Xo.  t*.  St  raw  berry  Hnrbon  Tlie  derrick  was  Iniilt  on  piling  about 
1,0<X>  feel  offshore.  Casing  sunk  dwp  into  the  uiinl  in  1004  without 
reaelnng  b<*(l  rock. 

Nth  7.  StrMwlH^Tv  Harbor,  Drilled  several  hiindi'ed  feet  in  WH 
without  obtaining  oil. 

No.  8,  Rtnlwood  Creek.     Drilled  to  depth  of  several  hundrtnl  feet] 
in  Ifl04.     Oil  now  stiuulfi  n  hoi  it  -20  feet  Ulow  the  top  of  the  eiisitij^. 
Quantity  not  known. 

No.  9.  Near  head  of  KatMllii  Sloii|ci»*  Drilled  to  unknown  depth 
in  1904.    No  oil  nn  far  rm  known. 

No>  10*  Neai-  head  uf  Katalla  Slough.    Drilled  in  U)02  to  depth  r^f ' 
366  feet,  when  a  flow  of  oil  was  obtained.    Drilie<l  to  550  feet  in  l!>(^:i , 
without  fnrtlier  residts*    In  nK)4  this  well  was  pumped  for  fnel  at 
the  other  welh  of  the  game  company.    It  is  now  eapped,  the  oil  oozing 
from  amund  the  casing.    The  following  is  a  record  of  thii^  well,  nn 
n'p*irU*d  by  the  Alaska  Steam  Coal  and  Petrfdeum  Syndicate,  and  ~" 
l)ul)lislied  by  F.  II.  ()lii)hant:« 


I 

I 

I 


Record  of  ')')0-foot  ircU  near  hrnd  o/  KntaUa  t^lough. 


Surface  drift 

DttH)inposed  shulo 

Light-colored  shale 

Fine-grained  sandstone,  containing  G-inch  bed  of  coal 

Dark  shale,  very  hard,  including  6  inches  of  quartz  containing  iron  pyrites.. 

Oil  sand;  flow  of  oil 

Length  of  r2-inch  casing 

I><'iigth  of  9?-inch  casing 


Thick- 
]    ness. 


Feet. 

6 

10 

140 


184 
90^ 


Depth. 


reel. 
f. 
16 
lof) 
I74i 
.365 
366 
220 
340 


Nunieroii."^  suinll  sli()wiii;;s  (tf  in'tioloiini  and  natural  ;:nvS  were  encoimtertHl  as 
till'  drill  i>roc(VMl(Ml  down,  and  at  .'>(»(;  feet  a  l;irj:o  (iiiantity  of  oil  was  dovelojK^l. 
which  tlowod  sonir  jx't rnhMiin.  Tho  well  is  .said  to  h:ivt'  continiieil  to  flow  until 
(•ai»iuMl. 

Xo.  11.  Xoai'  h(^;i(l  of  KataUa  Slou.irh.  Drilled  in  1901  and  aban- 
(lolUMJ  biM'Mlise  of  loss  of  tools. 

Xo.  1l>.  Xrar  head  of  Katalla  Sloiioli.  Drilled  in  1903  to  unknown 
(Icptli. 


"  Th.'  producli.^n   <.f  p(-(  rolmni   in    1;m»2:    Mineral    Uesources   V.   S.   for   1902,  U.   S.   (leol. 
Survey.   lOo:;.  i).  ris::. 
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No.  13.  Near  head  of  Katalla  Slough.  Drilled  in  1904  to  unknown 
depth.  Now  capped,  the  oil  squirting  at  times  in  strong  jets  from 
the  casing. 

No.  14.  Between  head  of  Katalla  Slough  and  Cave  Point.  Drilled 
in  1908  to  1,710  feet  and  abandoned  because  limit  of  outfit  was 
reached. 

No.  15.  Katalla  River.  Casing  sunk  to  depth  of  280  feet  in  1903 
without  reaching  bed  rock. 

No.  16.  Near  Katalla.  Two  holes  drilled  in  1904  to  1906  to  a  depth 
of  about  1,500  feet.     Work  still  in  progress. 

CHARACTER  OK  THE  I»ETROLEUM. 

A  sample  collected  by  the  writer  from  a  well  (No.  10  in  list,  on 
p.  120)  near  the  head  of  Katalla  Slough  was  tested  by  Penniman  & 
Browne,  of  Baltimore,  with  the  following  results: 

Test  of  petroleum  from  Katalla  Slough. 


DistUlation  by  Engler's  method: 

Benzine  (80°  to  150*'  0. ) 

Burning  oU  (150°  to  300°  0.) . . 

Residuum  (paraffin  base) 

Sulphur r-. 

Specific  gravity  of  crude  oil 


Percent. 


21 

51 

28 

Trace. 


Specific  gravity  at  15.5°  C. 


0.7573«54.9°  Baum^. 
.8204-40.6°  Baumc^. 
.9096=23.9°  Baum(^. 

.828  -39.1°  Baum^. 


The  burning  oil  was  purified  by  concentrated  sulphuric  acid  and  soda,  the 
volume  of  acid  used  up  being  too  small  to  measure.  The  purified  burning  oil 
was  put  into  a  small  lamp,  where  it  burned  dry  without  incrusting  the  wick  or 
corroding  the  burner,  and  without  any  marked  diminution  of  flame.  The  burn- 
ing oil  compares  very  favorably  in  these  respects  with  Pennsylvania  oil  pre- 
pared in  the  same  way. 

The  following  analysis  of  this  petroleum  was  published  by  Mr. 
Oliphant :« 

Analysis  of  petroleum  from  Katalla  Slough  ^cell. 

Specific  gravity  at  60°  F.  0.7958,  equal  to  45.9°  BaumC*. 
Cold  test ;  did  not  chill  at  3°  F.  below  zero. 

Distillation:  '    '  Percent. 

Below  150°  C,  naphtha 38.  5 

150°   to  285°   C,   illuminating  petroleum 31 

Above  285°  C,  lubricating  petroleum 21.  I^^ 

Residue,   coke  and   loss 0 

The  foUow^ing  tests  of  Controller  Bay  and  Yaktag  oil  have  been 
published  by  Redwood  ^  from  results  obtained  in  his  laboratory. 

•  The  production  of  petroleum  In  1902  :  Mineral  Resources  U.  S.  for  1902,  U.  S.  (ieol. 
Survey,   1903,   p.   583. 

^Redwood,  Sir  Boverton,  Petroleum,  vol.  1,  2d  ed.,  1906,  p.  198. 
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LfXttUtT^. 


Bu«»Ci»ek *-,-„*. .^,.„.„-..„.-,**^*...*  0,ft4a 

Jojmwtoila  Qtmkt  I....,»^^^.,,.*-^^, .„.„,,..,,., .,, Ml 

Joimjitoo#  Cnwlt*  3,-*.-,\.^*,' ,._-.**,--,, ,. »*»,»•,  .S7fl 

PoqlCrwfc  Uoweat* ^,,,...-*.-^<.^.,^.*/^„. ,,  .*70 

f'ouirrt^fc  ftftPn  w*J4ri>,.,-.,.,»..,.,.— ^ *.^^,,p!.  -8S1 

Ponl  CrcN^k  tupperK ^>i,..-_^.^i.*,.,^v-*..i.4.*i-w-5»  .^M 

ICftlAlU  y^jMlJiw,  2....,.,. ,.....,„„„. .,.«-^....,l  ,tK)l 

KhUIIu  Mtr^nlOff ,  3.  , .  w  . » - , -. , .^. ^... , . . .  .874 

KkljillJi  M[*idow»  I........ _.,.,, ^,,,.,,.,,^,.,»,.  .Kfl9 

Kaiatiii  Mc'jiflfjw,  5. ,„,...-,.../_.,_ ^,,  »,-*»-.  .061 

Bon  hoh^ut  KiitaklA.  120 lef'l  (1903).. „,„.;. ^.*.. !  .«I2 

Bon-  hokJtil  Ktttftlift. aSfi real  USKBU... *.,-..-*.., i  .7eu 

DilCrwIc ......_.......*,..* ^-...i^*^^^..-.     '  .SliS 

Morrison  Crwk,.,, ,....:-..,^.„..., -,, ,. , .  .9^1 

Arejil  Crotk  (loy  Bfty}.- ..„.,..,„.,.,...  .S»2 

T»knf[clty  _,....,..,_ ..*.*.,-„ ......>-._.,  .m 

Croaked  Ci»hIc ., .-r„. ^-.^ ,.|  .R21 


Specific  I  ^^^^ 


Calar. 


^4  Dark  reddlsli  lAnown. 

I  a(M>  DuTk  bmwiu 

ITS  Do. 

I  AT 

;  ise        Hii. 

I  240  Do. 

Bolow  60  Dark  i*tL 
Below  ttO  Do. 

lOS  Dark  hmwn* 

370  D(*. 

aio  Do. 

I  216  Do, 

I  172  Do. 


Vtfmmetvial  pi^n^ucts  of  vrudt  Alaska  petroleum.* 


Fetrolfutti 
splitt 

KerpMtM. 

li>  terror- 
dliLte  and 

oil*.  Wlltl 

solid  hrdPO- 

carbonj* 

Coke. 

%T* 

Pwr  fl«jil- 

i*«T  real. 

P^  cent. 
7a  S 

1.7 

S7.6          iJ    1 

soo 

ail 

Iti.  7 

1.2 

"  Rodwood.    Sir    Hoverton,   op.    clt.,   p.    214. 

The  analyses  ^jiven  l)ek)w  were  published  by  Stoess:'* 

The  followinjr  ;inji lysis  was  made  in  Seattle  from  a  sample  of  the  crude  oil 
taken  from  the  well  at  Katalla  : 

Analj/six  of  oil  from  KataUa  ircll. 

SpecifK'   gravity,   0.  SfX). 
Naphtha 34.4 

Illnminatin;^'    oil.    _      _ 84.4 

Lnl)rieatin':    oils_^ IG.  5 

Coke  and    residne   _        14.5 

Another    analysis    ||)(>ssil)ly    the    same   as   that    published   by    Oliphant    and 
(pioted  above  I.  made  in  T>os  Anjj^eles.  Cal.,  gave — 


AiHilusis  of  oil  from   iicur  Kdtiilhi. 


Speeilic  gra vit\' 
('(»id  lesl 
Naphtha 
Illnniinat  iiig  nil 
Ijii)ri(*at  ing  oils 
(\.ke  and  Inss 


0.7957  (45.ir  U) 

Not  chilled  at  .*>"  below  zero 

:n.i) 

21.5 

^     1».  o 


Oil  has  a  Hash  trst  of  7(>     t(.  so  .     Oil  is  light  green  in  color. 


"  Stooss.   p.   ('..  The  K-iyak   coal   and   oil   fields  oi'  Alaslca  :    Miu.   and   Sci,   Press,   vol.    87, 
1903.  p.  65. 
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The  results  of  all  available  analyses  and  tests  on  oils  from  the  Con- 
troller Bay  and  Yaktag  regions  are  brought  together  in  the  follow in;[y 
table: 

Summary  of  analyses  and  tests  of  Controller  Bay  and  Yaktag  petroleum. 


Locality. 

1 

Color. 

cffc 
grav- 
ity. 

0.8280 
.7958 
.7957 
.800 
.802 

.790 

.869 
.914 
.800 
.942 

.964 
.879 
.970 
.881 
.914 
.929 
.901 
.874 
.869 
.%1 
.855 
.991 
.962 
.937 
.921 

Grav- 
ity. 
Baunid. 

Flash- 
ing- 
point. 

Ben- 
zine. 

Per  ct. 
21.0 
38.5 
38.5 
34.2 

Kero- 
sene. 

Per  ct. 
51.0 
31.0 
31.0 
34.4 

:   Resi- 

Lubri-      duo: 

eating    Coke 

oil.         niKl 

1 
1 

o               OF. 

39.1    

4,-..:9    

4.119       70-80 

Per  ct.    Per  cf. 
28.0 

1 

21.5            MO 

1 

Light  green. . . 

21.5  1          ii.O 
16.5  1         14  .') 

Katalla  Slough,  well  No.  10.  .1 

Dark  red 

....do 

Below 

;      (30. 
Below 

1 

.... 

i 

(?)                       1 

(?)                       I 

(?)                       1 

Burls  Creek 1 

19.0 
9.0 
53.9 

78.6             1.7 

:*:■.  r. 

87.6  j          2  7 

24.8 

16.7  1           1.2 

Dark  reddish 

brown. 
(Dark  brown.. 

....do 

....do 

do 

2.'?4 

Johnstone  Creek I 



200 
178 
2.% 
67 
156 
240 
156 

'.'.'.'.'.'..'. 

:::::::: 


^ 

Foul  Creek 1 

...-do 

....do 

Katalla  Meadow , 

:::::::: 

156 
152 
266 
108 
270 
310 
246 
172 



/ 







Oil  Creek... ' 

Morrison  Creek | 

Argyll  Creek,  Icy  Bay 

Yakogeltv 

Crooked  Creek 

1 

Dark  brown . . 

.r...do 

do 

do 

do 

1 

Many  of  the  samples  consisted  of  seepage  oil  and  probably  have 
not  yielded  as  large  a  proportion  of  the  more  volatile  constituents  as 
would  be  obtained  from  "live"  oil  from  the  wells. 

The  results  of  the  tests  may  be  compared  with  those  of  other  petro- 
leums in  the  following  table: 

Tests  of  petroleum  from  Alaska  and  other  fields. 


1 


I  Alaska.o    Alaska.^ 


Benzine  (80»-lfiO*  C.) i  21 

Burning  oil(lfl0*-300°C.) 51 

Residuum I  28 

Sulphur !     Trace. 

Gravity i  39.  r  B. 


38.5 
A  31 
A30.5 


45.9°  B. 


^S'^-  ow-" 


16.  5  I 
54  I 
29      ' 


Colo- 
rado.* 


43'  B. 


Mexico./ 


Beau- 
mont, 
Tex.i^ 


4() 

57.  5 

1.7 

22°  B. 


« Penuiman   &  Browne  for   this   report. 

^Olipbant,  F.  H.,  The  production  of  petroleum  in  1902:  Mineral  Resources  U.  S.  for 
1902,  /:.  S.  Geo!.  Survey,   1JM).S,  p.  .58:?. 

«  Peckham.  S.  F..  Report  on  Petroleum,  p.  365. 

*  Woodman,  Durand.  Jour.  Am.  Chem.  Soc,  Vol.  13,  p.  168. 

•Oliptaant.  F.  H.,  Petroleum:  Mineral  Resources  U.  S.  for  1901,  IT.  S.  Oeol.  Rurvov. 
1902,    p.    250. 

'  Stlllman,  T.  B..  Engineering  Chemistry,  p.  364. 

»  Hayes,  C.  W.,  and  Kennedy,  W..  Oil  fields  of  Texas-Louisiana  coastal  plain  :  I?iill. 
U.  S.  Geol.  Survey  No.  212,  1903,  pp.  146-151. 

*  See  above. 


I 
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The  petroleuni  in  I'lenrly  u  retiinn^  uW  nf  the  mme  general  n  situ  re 
ns  the  Pennsylvania  j)etroleinn*  It  rej^emliles  the  hitter  in  having 
a  high  proportion  of  the  niort*  volatile  con iponnds  and  a  paraffin  base 
and  in  contaijiing  almost  no  snlphnr.  The  proportions  of  the  i^  vera  I 
const  it  uenti;  given  in  the  tables  iihove  flo  not  necessarily  represent 
the  full  amountij  that  could  be  obtained  in  practice  by  different 
treatment. 

l-niNtlPl.ES    OnVEUXlNG    Tfm    Ort  rRRKNCK    or    PETRor.HtTM.  ■ 

The  fonr  grent  problems  of  tlie  geologic  occiiiTence  of  petroleum   * 
ai"e  the  origin  of  oil,  the  iubvi>rnents  of  oil  in  the  rocks,  the  strati- 
graphic  and  structural  distribution  of  the  existing  accuninlations 
of  oil,  and  the  detenu  in  sit  ion  of  the  location  and  ai'ea  of  vain  able 
accumuhitions  from  the  known  facts  of  surface  geolog}^ 

These  pn:>blenis  ai'e  stated  alxive  in  order  of  increasing  importance 
from  the  point  of  view  of  immediate  utility,  Tlie  last  problem  can 
be  determined  by  expensive  practical  testing  with  drill  or  by  the 
.solution  of  the  first  and  second  problems,  together  with  a  complete 
and  accurate  knowledge  of  the  ai^eal  geologj^  of  the  legion  in  which 
(he  occurrence  of  oil  is  suspected.  In  the  present  condition  of  our 
knowledge  drilling  is  the  only  certain  way  of  determining  this  fl 
problem*  But  all  knowledge  gained  in  this  way,  as  well  as  all  facts  ^ 
concerning  tlie  geology  of  the  oil-bearing  rocks,  lead  us  nearer  to 
the  solution  of  the  other  problems  and  lience  hasten  the  time  when 
we  can  determine  within  reasonable  limits  the  presence  of  oil  from 
our  knowledge  of  how  oil  originates  and  how  it  accumulates.  The 
first  and  second  problems  are  consequently  the  problems  of  greatest 
ultimate  importance,  and  should  be  given  at  least  equal  weight  in 
a  public  geologic  investigation  with  the  other  or  immediate  com- 
mercial problems. 

Petroleum  occurs  in  rocks  of  practically  all  ages  from  the  oldest 
Paleozoic  to  the  Kecent.  All  known  productive  bodies  of  oil  are 
in  rocks  of  sedimentary  origin,  such  as  sandstones  or  sands,  shales 
or  clays,  limestones,  and  conglomerates.  Minute  quantities  of  oil 
have,  however,  been  seen  in  volcanic  or  other  crystalline  rocks. 

The  origin  of  petroleum  may  be  explained  according  to  one  of  two 
theories.  Th(*  oil  may  be  of  organic  origin,  having  been  derived 
from  animal  or  vegetal)le  matter  which  was  associated  with  the  min- 
eral constituents  of  the  rocks  at  the  tinu*  they  were  deposited:  or  it 
may  be  of  inorganic  origin,  having  been  formed  by  the  chemical 
action  of  water  on  the  formerly  unoxidized  mineral  constituents 
of  the  rocks.  The  prevalent  scientific  opinion  is  in  favor  of  the 
organic  the(u*v  for  tlie  origin  of  the  larger  and  more  widespread 
accunuilations  of  petroleum. 

Tlie  movement  of  petroleum  in  the  rocks  is  controlled  by  the  fol- 
lowiu^  factors:  The  dweet   v\eX\o\\  vA  «;yv\\\Vn.  vv\\)Ulary  attraction, 
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the  presence  of  water,  gas  pressure,  and  the  distribution  of  channels 
or  zones  through  which  the  oil  can  move. 

The  effect  of  the  direct  action  of  gravity  is  to  cause  oil  to  go  down 
as  far  as  the  rocks  are  porous,  dry,  and  not  too  warm  for  the  oil  to 
exist  as  such.  It  will  sooner  or  later  be  stopped  in  this  downward 
movement  by  an  impervious  stratum  (either  a  bed  of  close-textured 
rock  or  a  bed  filled  with  water) ,  and  will  then  move  laterally  along 
the  upper  surface  of  that  stratum  to  its  lowest  point,  where  it  will 
accumulate. 

The  effect  of  capillary  attraction  is  to  cause  the  oil  to  be  diffused 
somewhat  throughout  the  rocks  in  all  directions,  provided  the  rock 
is  dry  and  of  the  right  texture  to  permit  capillary  movement.  The 
directions  in  which  it  will  move  will  be  controlled  by  the  distribu- 
tion of  porous  rock  and  water,  and  will  be  modified  by  gravity  and 
the  other  factors  here  discussed. 

The  presence  of  water  causes  an  upward  movement  of  the  oil. 
The  essential  conditions  for  such  movement  are  a  porous  rock  con- 
taining both  water  and  oil  and  a  lower  limit®  beyond  which  the 
water  can  not  go.  The  water,  because  of  its  greater  density,  seeks  a 
lower  level  than  the  oil  and  forces  the  latter  upward  until  either  the 
demand  of  all  the  water  for  space  is  satisfied  or  until  th^  oil  is 
checked  in  its  upward  movement  by  an  impervious  stratum.  In  the 
former  case  the  oil  rests  on  the  surface  of  the  water  in  a  state  of  equi- 
librium ;  in  the  latter  case  it  is  confined  under  pressure  with  a  poten- 
tial upward  force. 

Gas  preasure  tends  to  drive  the  oil  in  any  unblocked  direction. 
The  requisites  for  oil  movement  caused  by  gas  are  the  presence  of 
gas,  either  inj  a  contiguous  body  to  the  oil  or  being  given  off  from 
or  within  the  oil,  and  an  impervious  bed  above  the  gas  and  through 
which  it  can  not  pass.  The  gas  then  tends  to  accumulate  on  the 
upper  surface  of  the  oil  and  to  force  the  oil  downward  in  the  direction 
of  least  resistance,  which  may  be  either  vertical  or  have  a  lateral  com- 
ponent. The  oil  would  already  have  been  in  the  lowest  availal)le 
space,*  so  further  downward  motion  implies  the  displacement  of 
water.  The  motion  continues  until  there  is  equilibrium  between  the 
expansive  pressure  of  the  gas  and  the  hydrostatic  j^ressure  of  the 
water.  The  oil  is  then  confined  between  these  forces  and  will  escai)e 
under  pressure  at  the  first  opportunity. 

The  most  favorable  conditions  for  the  occurrence  of  petroleum 
over  large  and  regular  areas  are  the  following : 

1.  A  large  and  widely  distributed  original  source  of  oil-yield iii<r 
material. 


"  If  the  liquids  havo  not  ain-ady  roached  this  lower  limit,  tho  caso  Is  considerably  ino<li 
fled,  aad  the  exact  condition  can  not,  in  the  ijresent  state  of  our  knowledge,  be  positively 
asserted. 


2*  Thick,  cxtcrLsivo,  iiiid  regular  porous  beds  in  which  the  Dil  cun 
luuve  freely  and  jiccinniilale. 

y.  Impervious  beds  abov«  and  Ij^Iow  the  porous  beda 

4,  Hninll  nnglo?^  of  dip  iitid  fnirly  rryiihir  f^tnieture. 

fi.  Abstoco  of  di?ep  fracturing  or  of  irrcjL'ulurities  of  structm^* 

^,  Absence  of  water  in  the  rocks  if  the  oil-betiring  teds  are  syn- 
clinal, or  prcijjeuce  of  a  moderate  nmoiint  of  water  if  they  are  anti- 
clinaL 

Such  conditions  are  favorable  to  the  occurrence  of  [jetroleum  in 
larce,  regular,  and  easily  (tutltnctf  pools,  to  rntKlenifely  lurgi*  produc- 
tion and  long  life  of  the  wellb,  aiid  to  a  large  ilegR^e  of  certainly  in 
oil  pro^pet^ting^, 

Thew  conditicjus  |>robably  nowhere  i^xint  in  their  entirety,  at  least 
not  over  any  t>i"oad  area,  8ome  of  the  JIississip|>i  Valley  antl 
Appalachian  oil  fields*  come  nearer  to  watisf\'ing  these  conditions! 
than  any  others  in  Xorth  America.  It  is  very  evident  that  few  of 
tliesi*  conditions  are  uietjn  the  (.'out roller  Bay  region,  so  nothing 
will  l>e  gained  from  further  comparison  with  regions  in  which 
simple  structure  predniriirint(*s, 

*S  01  ne  o  f  t  he  0  a  1  i  f  o  rn  i  a ,''  ^  Vy  oi  n  i  ng,  ^'  a  nil  (.'  o  1  o  r ado  *^  oil  fiel  ds  a  I'e 
characterised  by  complex  and  broken  structure*  in  this  res]>ect  being 
not  unlike  the  Tout  roller  Bay  region.  These  western  fields  show 
that  it  is  possible  for  large  accumulations  of  oil  to  exist  in  roi'ks 
with  stee[)  dips,  irregular  folds,  and  large  faults.  They  show  that 
the  structure  does  uot  make  it  imi)ossib]e  for  oil  to  exist  in  quantity 
in  tlie  region  under  discussion,  but  they  show  also  the  difficulties  of 
drilling  and  of  locating  the  pools  \n  such  a  field,  and  demonstrate 
very  clearly  tlic  need  of  careful  operating  a;id  the  risks  w^hicli  are 
necessarily  involved. 

KXI'LorrA'I'ION. 


LOCATING  POOLS. 

If  oil  is  found  in  (luautity  it  will  almost  certainly  be  in  circum- 
scribed areas,  and  the  location  and  boundaries  of  these  wnll  be  of  the 
utmost  importance  in  the  development  of  the  field.  The  position, 
size,  and  s]ia[)('  of  these  ])r()(lu('ti\c  areas  can  not  be  foretold  in  ad- 
xancc  of  all  drilling  oi*  :il   the  present   stage  of  development.     The 
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wells  which  have  been  drilled  in  this  region  are  so  few,  most  of  them 
are  so  shallow,  and  so  little  oil  has  been  obtained,  that  they  give 
almost  no  light  on  the  occurrence  of  oil  in  the  rocks.  But  if  at  least 
one  area  were  outlined  wholly  or  in  part  by  the  known  position  of 
productive  and  nonproductive  wells  it  would  then  be  possible  to  de- 
termine the  relation  of  the  occurrence  of  the  oil  to  the  geolog3%  and 
from  the  known  facts  of  the  geology  to  outline  other  possible  j)ro- 
ductive  areas  in  advance  of  drilling.  For  this  reason  it  is  of  the 
utmost  importance  to  obtain  complete  and  accurate  records  of  all 
wells  and  to  use  the  information  and  experience  thus  gained  in  locat- 
ing subsequent  wells. 

DIFFIOXJLTIES  OF  DRILLINO. 

Crooked  holes, — Much  difficulty  has  been  encountered  in  keeping 
the  wells  vertical,  and  delay  and .  expense  have  resulted  from  the 
necessity  of  frequently  reaming  out  the  holes  in  order  to  straighten 
them.  The  crooked ^holes  are  the  natural  result  of  the  steep  inclina- 
tion of  the  rocks  with  frequent  alternations  from  hard  to  soft  beds. 
Whenever  the  drill  passes  from  a  soft  rock  to  a  harder  one  dipping 
at  a  steep  angle  the  drill  tends  to  be  deflected  and  a  crooked  hole  re- 
sults. This  difficulty  will  always  be  encountered  in  this  region  and 
will  increase  the  time  and  cost  of  drilling.  The  difficulties  should, 
however,  become  less  in  the  future,  for  the  tendency  of  the  drill  to 
deflect  can  be  lessened  by  drilling  slower  when  the  deflecting  bed  is 
struck  and  by  special  shaping  of  the  tool,  and  the  holes  can  be 
straightened  more  quickly  when  the  drillers  are  better  acquainted 
with  local  conditions. 

Caving, — ^When  a  well  in  soft  or  fractured  rock  stands  uncased 
too  longj  the  rock  caves  in,  often  burying  and  frequently  causing  the 
loss  of  the  tools,  and  sometimes  m'aking  it  necessary  to  abandon  the 
well.  Much  delay  has  been  caused  in  this  way  at  most  of  the  local 
wells,  and  it  has  added  greatly  to  the  cost  of  drilling.  It  has  been 
impossible  on  this  account  to  drill  several  of  the  wells  iis  deep  as 
they  would. otherwise  have  gone.  The  only  remedy  is  to  case  the 
well  at  the  proper  time,  and  when  the  drillers  know  better  the  rocks 
with  which  they  are  dealing  they  will  be  able  to  anticipate  the 
caving  and  introduce  casing  when  it  is  needed.  Conditions  may  thus 
be  expected  to  improve  in  the  future,  making  the  cost  less  and  the 
speed  greater,  and  making  it  possible  to  sink  wells  to  greater  depths. 

yfater, — The  rocks  of  this  region  are  full  of  water  and  conse- 
quently large  amounts  are  encountered  in  all  the  wells.  This  is 
undesirable  for  two  reasons:  The  pressure  of  the  column  of  water 
in  the  well  keeps  the  oil  back  in  the  rocks  and  prevents  it  from  com- 
ing out  into  the  well,  and  the  water  reduces  the  effective  weight  of 
the  drill  and  acts  as  a  cushion  between  the  drill  and  the  rock,  in 
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both  WAys  peducing  tlve  power  of  the  blow.  Thf  only  remedy  is  in 
cubing  off  tht*  water,  which  can  not  in?  done  too  often  without  redu- 
cing the  size  of  the  hole  to  undesirable  dimensions  and  finally  limit- 
ing (he  depth  to  which  it  can  l3e  drilled  Avithout  pulluig  tlie  casing 
and  going  back  and  reaming  out  the  hole* 

liemoteneM  from  mpplks. — The  renioteness  of  this^  iTgion  from  a 
base  of  supplies  not  only  increases  the  cost  uf  lalx^r  and  of  freight, 
but  also  makes  it  necessary  either  to  carry  an  uxceptionally  large 
equipment  of  fishing  and  repairing  tcxiln  and  of  general  supplier,  or 
to  be  hfubject  to  delays  in  ordering  si>ecial  tools  from  a  Jong  distance. 
Conditions  will  improve  in  this  respect  with  better  facilities  for  com- 
munication and  transportation,  and  can  alfio  Ik*  bettered  if  machine 
^hops  and  supply  depots  an*  established,  as  tliey  will  lie  if  the 
presence  of  productive  oil  territory  is  ^ihown, 

ffiexpi'ni'n<^t'  with  liwal  condifion^^ — ^The  difficulties  caused  by  the 
lack  of  experience  of  the  ilrillers  with  the  rocks  of  the  local  section 
have  already  been  alhuled  to.  They  may  be  summarized  as  iu chid- 
ing failure  to  drill  slowly  or  to  dress  the  tools  so  as  to  avoid  deflect- 
ing the  drill  on  hard,  steeply  inclined  surfaces;  failure  to  note  the 
crookedness  of  the  hole  and  remedy  it  promptly ;  ignorance  of  local 
caving  strata  and  consequent  failure  to  case  in  time  to  prevent  rav- 
ings; and  failure  to  secui*e  proper  and  adequate  outfit  and  supplies. 

Cost  of  labor  and  transpoitatioii. — The  cost  of  drilling  has  been 
very  largely  increased,  over  what  it  would  be  in  more  favored  and 
better  established  oil  fields,  by  the  high  cost  of  labor  and  of  trans- 
portation of  men  and  of  freight.  Xot  only  are  the  drillers  paid 
higher  wages  than  they  would  receive  at  most  localities,  but  the  un- 
skilled labor  receives  excessive  pay.  It  is  highly  probable  that,  when 
conditions  become  more  settled  an^l  work  is  done  on  a  larger  and 
more  permanent  scale,  wage  conditions  will  become  more  normal  and 
transportation  charges  will  be  reduced. 

SHIPMEin'  AND  MARKETS. 

If  petroleum  is  produced  in  commercial  quantities  a  new  set  of 
problems  concerning  its  disposal  will  arise.  All  the  petroleum  of  the 
region,  so  far  as  known,  is  a  refining  oil  of  high  grade,  for  which 
there  is  a  good  demaiul  on  the  Pacific  coast.  The  content  of  extremely 
volatile  constituents,  such  as  gasoline,  is  so  great  that  it  is  questionable 
whether  tlie  oi!  can  he  safely  sliii)j)C(l  in  hulk  without  some  refining. 
There  are  j)l(MUy  of  good  sites  for  ivlincrics  in  the  innnediate  vicin- 
ity of  the  wells.  If  a  harbor  in  the  vicinity  of  Katalla  or  elsewhere 
in  the  Conti'oller  Ray  region,  is  utilized,  it  will  be  a  very  simple 
matter  to  transport  the  oil  from  the  wells  to  the  wharves  by  short 
j)ipe  lines  on  a  practically  level  grade.  11"  no  harbor  in  the  innne- 
diaie  Aicinity  can  be  used  it  will  be  uecessary  lo  shi[)  from  Orca  Bay 
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or  elsewhere  on  Prince  William  Sound,  a  distance  of  about  80  miles 
westward  and  across  Copper  River.  The  grades  to  Orca  are  almost 
nothing  and  there  will  be  no  difficulties  except  crossing  Copper  River. 
The  distances  from  Katalla  and  from  Orca  to  Seattle  by  the  steamer 
route,  "  outside  way,"  are  about  1,250  and  1,350  statute  miles,  respec- 
tively. 

CONCLUSIONS. 

Geographic  conditions  are  such  as  to  cause  heavy  initial  expense  of 
prospecting  and  drilling,  but  admit  of  permanent  improvements 
which  will  make  thesfe  conditions  much  better  without  great  eniri- 
neering  difficulties  or  excessive  cost. 

The  geology  is  complex  and  difficult  to  interpret  and  does  not  show 
definitely  the  relation  of  the  occurrence  of  the  petroleum  to  tlu» 
stratigraphy  and  structure.  The  known  facts  of  the  local  geol()<j:y 
are  unfavorable  to  the  presence  of  productive  bodies  of  oil,  and  indi- 
cate that  if  oil  is  found  in  quantity  the  distribution  of  the  produc- 
tive areas  will  be  very  irregular  and  difficult  to  locate.  However, 
if  future  developments  confirm  the  theory  of  an  overthrust  along  the 
coast  (pp.  45-46,  115-116),  separating  the  complexly  folded  rocks  at 
the  surface  from  rocks  of  simpler  structure  below,  conditions  may  be 
found  to  be  much  more  regular  and  more  favorable  for  the  develop- 
ment of  a  good  oil  field  than  the  surface  conditions  indicate.  This 
theory  is,  however,  not  proven,  and  is  suggested  merely  as  a  possibility. 

The  surface  oil  showings  (seepages),  though  widespread  and 
copious,  are  not  conclusive  evidence  of  the  occurrence  of  productive 
oil  pools.  They  are  apparently  more  promising  than  any  of  the  other 
known  geologic  features  of  the  region.  The  only  safe  conclusion  to 
be  drawn  from  them  is  that  they  indicate  the  possibility  of  productive 
oil  areas  in  the  vicinity. 

Operators  and  investors  who  may  not  be  familiar  with  local  condi- 
tions will  do  well  to  be  governed  by  the  following  suggestions : 

1.  They  should  be  certain  that  legal  title  can  be  obtained  to  a  sufli- 
cient  area  to  make  it  possible  to  sink  many  test  wells  under  widely 
diflfering  conditions,  and  to  permit  a  large  enough  probable  produc- 
tion to  pay*  for  heavy  initial  expenditures  and  large  permanent 
improvements. 

2.  They  should  have  enough  capital  to  be  able  (a)  to  purchase  iji 
quantity  and  at  low  rates;  (b)  to  build  good  roads  and  other  im- 
provements and  thus  reduce  cost  of  operating;  (6?)  to  carry  a  large 
stock  of  tools  and  supplies,  in  order  to  avoid  costly  delays  in  drilling 
and  to  be  able  to  drill  deep;  (d)  to  secure  the  best  professional  advice 
and  good  drillers;  (e)  to  drill  many  test  wells  without  hope  of  imme- 
diate profit;  (/)  to  market  the  product  in  the  face  of  the  existing  con- 
ditions in  the  petroleum  industry;  and  (ff)  to  afford  to  lose  the 
investment. 
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3.  The  first  wells  should  be  located  on  the  strike  and  at  no  great 
distance  from  producing  wells,  or  down  the  dip  fi'om  a  good  seepage 
and  at  such  vaiying  distances  that  the  rocks  outcropping  at  the  seep- 
age will  l>e  encountered  at  depths  of  from  a  few  hundi"ed  feet  to  the 
limit  (in  depth)  of  drilling. 

4,  Subsequent  wells  should  be  determined  in  jx^sition  bj  the  loe-a- 
tion  of  existing  wells  and  by  the  structure.  With  respect  to  produc- 
tive wells,  they  should  be  ulong  the  strike  and  close  to**  the  wells; 
while  with  respect  to  nonproductiv^e  wells  they  should  be  either  not 
along  the  strike  and  at  a  short  <liHtance,  or  along  the  strike  and  at  a 
considerable  distance,  from  the  wells. 

5-  Drillers  and  tool  dressers  should  Ik>  obtained  from  regions 
where  there  is  difficulty  in  kee[>ing  the  holes  straight, 

6.  If  oil  is  obtained,  it  will  probably  be  down  the  dip,  rather  than 
up  the  dip  from  a  seepage;  in  shallow  wells  near  a  seepage,  in  deeper 
wells  farther  from  a  seepage* 
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